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Chapter 工．工ntroduction   

Renin（EC3・互・99・19）is a key enzymein the regula亡ion  

Of blood pressure and elec亡rolyte balance（l，2）二 The  

reninis a highly specific aspartylproteinase whose only  

known functionis to genera亡e anglOtensin 工 fromi亡S  

macromolecular substra亡e，angiotensinogen（Fig．1）．Its  

reaction is apparen亡1y，unuSually res亡ric亡ed 亡O  

hydr01y亡ic cleavage of 亡he unLque Si亡ein 亡he subs亡ra亡e  

molecules・The decapeptide anglOtenSin工is subsequen亡1y  

COnVer亡ed to anglOtenSin 工工，an OCtapeptide that causes  

marked vasocons亡riction of the arteriolar smooth muscle．  

Anglotensinogen（1iver）   

1 2 3 4 5 6 7 8 9101112  
日－Asp－Arg－VaトTyr－Ile一日is－Pro－Phe－HIs－Leu－VaトIle－PrOtein  

l  Ren（k．dne，，  

・AnglotenslnI  

1 2 3 4 5 6 7 8 9 10 
＝－Asp－Arg－Val－Tyr－Ile一日is－Pro－Phe義H・is－Leu－OH  

I  c。nVe，tigE。Zyme  

AngiotensinII  

1 2 3 4 5 6 7 8  
日－Asp－Arg－Val－Tyr一エIe－Ms－Pro－Phe－OH  

l  

AしDOSTERONE RELEASE  
tadrenaり 

†  

ELECTROLYTE BALANCE －←・・ARTERIAL BLOOD PRESSURE  

Figurel．Renin－AnglOtenSin System・  
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AnglOtenSin工工is also a po亡en亡Stimulator of aldosterone  

SeCretion from the aLdrenalcortex． Reninis storedin   

the juxtaglomerular cells of the kidney and is released 

in亡O the bl00dstream by the renin－anglOtenSin sys亡eminto  

the complex process of circul，atOry homeostasis．  

Since the reninis theinitialand the rate－1imiting  

COmpOnenヒ Of 亡he system，there has been considerable  

interestin the study of this en2：yme yet，prOgreSSin  

elucida亡ing the biochemical properties of renin，  

especially human renin，has been slow because of the  

limited supply of human kidney and minute quantities of  

renin presentin 亡he kidney． Although the use of  

SOphisticated methods of protein purification and  

characteri乙ation has circumvented these potential   

problems to some extent and improved the knowledge on 

renin slgnificantly，，preCise identification of the  

structure of 亡he renin molecules has not been achieved   

yet・For example，there are conflicting reports on the  

molecular weight and the amino acid composition of human  

renin（3－6）．   

Comparative biochemicalstudies haLVe reVealed that  

human reninis unlque amOng Other animalreninsinits  

molecular properties such as molecular weight，  

isoelectric ptl，and an亡igenicity（3）・ The renin－  

angio亡ensinogen reactionis also species dependen亡（7）：  

reninisolaLted from the kidney of monkeys and humans  

reacts with the substra亡e from a11mammals，Whereas renin  
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from other mammals does not release anglOtenSin工from ●   

anglOtenSinogenin monkyes or humans．   

The approach by recombinant DNA 亡echniques has  
permit亡ed analysis of eukaryo亡ic gene structure，its  

Organiza亡ion，eXpreSSion，and evolu亡ion・Using gene亡ic  

englneering of microorganism，these techniques have also  

allowed the production of exogenous or beterologous  

proteins of artifica11・yintroduced genes・   

Because an extremelylow concen亡ra亡ion of renalrenin  

prevented purificaヒionin amounts sufficient 亡O de亡ermine   

the complete amino acid sequence and tertiary structure  

Of the protein，亡he complemen亡ary DNA（cDNA）for human  

renin was cloned and the enzyme was produced in  

Escherichia coli  using 亡he recombinantI）NA techniques．  

The presen亡investlgationin this thesisis concerned  

With：i）亡he molecular cloning and sequence analysis of  

complemen亡ary DNA for human renin pre占ursor（Chap亡er工工）；  

ii）the complete amino acid sequence of human preprorenin  

deduced fromits cDNA（Chapter 工工）；iii）亡he expression of  

in Escherichia coli（Chap亡er 工工工）；andiv）亡he  renln gene  

in Escherichia coli   Characterization of renin produced   

（Chap亡er 工工Ⅰ）．  
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Chapter工工・Holecular cloning and SequenceAmalysis of  

CDNA for 且u皿an Renin precursor  

SVM虹ARY   

The primary structure of human renin precursor has been  

deduced fromits complementary DNA（cDNA）’sequence．A  

library of cDNA clones was constructed from human kidney  

poly（A）＋RNA by applying the vector／primer method of  

Okayama and Berg［Okayama，tl・and Berg，P．（1982）Mol．  

Ce11・Biol・呈，16l－170］． Thelibrary was screened for  

human renin sequences by hybridi乙ation with 亡he  

previously cloned mouse renin cDNA・ Of the 2年0，000  

COlonies screened，35colonies that were positive for  

hybridization wereisola亡ed．Two recombinant plasmids  

COntaininglonginserts of aboutl，300 andl，600 base  

pairs were selected for sequence analysis．The amino  

acid sequence predic亡ed from the cDNA sequence shows that  

human renin precursor consis亡S Of406amino acids（Mr＝  

互5，057）with a pre－ and prosegmen亡 Carrying 20 and 46  

amino acids，reSpeCtively．A high degree of sequence  

homology，eSpeCia11yin 亡he cataly亡icallyimpor亡ant  

reglOrl，WaS found upon comparison of mouse and human  

renlnS． An overallhomology，including presequence   

between the two renins，is 68．7 冤． Close similarities  

were also observedin the primary struc亡ure of renins and  

other aspartylproteina．ses with defined three－dimentional  

StruCtureS，SuggeSting a tertiary structure for renin  
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亡hatis similar to the other enzymes． These results  

indicate that human kidney renin is homologous with 

mouse submandibular renin in primary and tertiary 

structuTeS，PrOteOlytic processing，and catalytic  

apparatus with smalldifferences・ The ma］Or StruCtural  

difference dis亡inguishing the two renins was 亡he presence  

of the two possible glycosyla亡ion sitesin hunan kidney  

renin，Which was not observedin mouse submandibular  

gland renin・  
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工NTRODIJCT工ON   

The struc亡ure of renin has been the subject ofin亡ense  

interest for many years due to i亡S important  
physiologlCalrolein the regulation of blood pressure  

andits s亡ringent substrate specifici亡y．   

Renin frommouse submandibulaLr glandis an excellen亡 一  

alternative for the study of renin s亡ructure sinceit   

represen亡S aS muCh as 2 － 5 完 of i亡S 亡Otal protein  

COntent・ 工n1982，a COmplete amino acid sequence of  

renin andits precursor from 亡he mouse submandibular  

gland was determined by the亡echniques of conven亡ional  

amino acid sequence（8）and the nucleotide sequence of the  

COmplemen亡ary DNA（cDNA）coding renin precursor（9）．  

tlowever，the renin from mouse submandibular glandis  

different from renalrenin，eSPeCially human renin，in  

their physiologicalfunction（10），and m0lecular and  

genetic properties（11－13）．Because of renin’s verylow  

COnCentrationinits primary tissue source，the kidney  

（3－5），it has been difficult to obtain adequate  

quan亡i亡ies to determinei亡S amino acid sequence．   

Therefore，the attempts were made to obtain full－length  

cDNA clones from poly（A）＋RNA ex亡racted from a surgically  

removedischemic kidneyin which the renin content was  

markedlyincreased 4ue to the stenosis of 亡he renal  

ar亡ery・ Al亡hough a variety of procedures had been  

reported for synthesis of complementaryI）NAlibrary（14－  

17），the vector／primer method of Okayama and Berg（18）was  
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used to construct the cDNA library from the mRNA 

prepara亡ion of human kidney becausei亡 WaS a Very  

effec亡ive me亡hod for cloning of full－1ength cDNA・ 工n  

order to screen the renin cDNA clone from 亡helibrary a  

mouse submandibular gland renin cDNA，Which had been  

cloned and charac亡erizedin ourlaboratory（19），WaS uSed  

as a hybridization probe・Theimpor亡an亡evidence that  

the mouse renin cDNA cross－hybridizes with human renin  

gene had already been obtained（19）・   

The results presented here describe the cloning and  

sequence analysis of human renin cDNA. Determined were 

the enti．re3－non－COding sequence preceding the poly（A）  

ヒail，1，218nucleotides coding for renin precursor，and  

of 亡he 51non－COding reglOn，ん2 nucleo亡ides・  
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HATER工ALS AND MRTⅥODS  

Ma ter ial s 

Materials were obtained from the following sources：  

restriction en21ymeS from Ta．kara Shuzo（Kyo亡0，Japan）and  

New England BioLabs（Beverly， MA）； terminal  

deoxynucleo亡idyl transferase，T4 DNAligase，and T互  

Escherichia coli  POlynucleotide kinase from Takara Shuzo；  

DNA polymerase 工and E．coliDNAligase from New England  

BioLabs；旦：⊆且⊥主RNase n and pro亡ein－A sepharose from  

Pharmacia（Uppsala，Sweden）；Oligo（dT）－Ce11ulose from  

Collabora亡ive Research（Lexington，MA）；nitroce11ulose  

filters from Millipore（Bedford，MA）；aminobenzyloxy－  

me亡hylpapers from Schleicher and Schuell（Posfach，West  

Germany）；rabbit reticulocytelysate，L－［35s］me亡hionine  

（＞800 Ci／mm0l，  lCi＝3．7Ⅹ1010Bq），［γ一32p］ATP  

（＞5，000Ci／mmol），and［a－32p］dCTP（尋3，000Ci／mmol）from  

Amersham（Buckinghamshire，England）・  

アrepara亡ion of皿R¶A   

TotalRNA，Which orl．glnated from a kidney removed from  

a patient with severe renovascular hypertension causing  

renalischemia， WaS eXtraCted in 4 M guanidine  

thiocyanate buffer as described by Chirgwin呈上旦主．（20）．  

The poly（A）＋RNA was separated from rRNA by chromatography  

on oligo（dT）－Cellulose and the bound poly（A）＋RNA was  

further purified by a second paLSSage On the oligo（dT）－   

Cellulose column（21）．  
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Translation of 皿RNAin a Rabbit Reticulocyte Lysate  

Syste皿   

Translations of mRNA were carried out using a rabbit  

reticulocytelysate system containing［35s］me亡hionine  

（22）・The transla亡ion assay system conta，ined per34Jll：  

25J111ysate，75flCiof［35s］methionine，and2・5Jlg mRNA・  

Translations of RNA were performed for30min at 30 OC  

and aliquots were takeTltO de亡ermine 亡he ex亡ent of  

radioactiveincorporationinto trichloroacetic acid（TCA）－  

insoluble materials．The remainder was diluted40－fold   

With NET buffer（150 mM NaCl，5mM sodium ethylenediamine－  

tetraacetic acid（EDTA），0・02冤sodium azide（NaN3），20mM  

Tris－tICl，p且7．4，0．05 冤 Nonidet P－40，1mM me亡hionine）  

（23），and products were precipita亡ed using an亡i－human  

renin antibody（2ん）．  

工m皿unOpreClpltation andAmalysis of Translation products   

The 亡ranslation products，diluted with NET buffer，  

Wereincubated overnight at4 0C with undilu亡ed rabbit  

antiserum against purified human kidney renin（6）；final  

dilutions of the antiserum were approximatelyl：1，000．  

The an亡1gen－antibody complexes were preclpltated by  

aLdsorp亡ion 亡O PrOtein A－Sepharose んB and washed four  

times with NET buffer．The complexes were disrupted by  

boilingin sodiumlaurylsulfa亡e（SDS）sample buffer（25）  

and protein A－gelwas removed cen亡rifugation・ The  

samples were subjected to polyacrylamide gel  

electrophoresisin the presence of SI）S（SDS－PAGE）by the  
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method of Laemmli（25）using10 冤 slab gels． After  

elec亡rophoresis，the gels were treated withlM sodium  

Salicylate and au亡Oradiograms were prepared by e叩OSing  

the vacuum－dried gels to Kodak X－Oma亡 R films（26）．  

Construction of a tlumanKidney cDNA Library   

A cDNAlibrary was constructed by applying亡he me亡hod  

Of Okayama and Berg（18）as follows．   

Synthesis of first－Strand cDNA was carried ou亡in a   

reaction volume of 80JユIcontaining50mM Tris一且Cl，pt1  

8・3，8mM MgC12，30mM KCl，0・3mM dithiothreitol（DTT），  

2mM each dATP，dTTP，dGTPand dCTP，80pCiof［い32p］  

dCTP，22 Tlg Of poly（A）＋RNA，5・6 pg of vector／primer  

DNA（18），and160 U of reverse transcrlptaSe． CDNA  

synthesis was initiated by the addition of reverse  

transcrlP亡ase and continued at 37 0C for 30min・The  

reaction was stopped by adding EDTA to 25 mM・ The  

products were extrtacted with O・25 冤 SDS and phenol－  

chloroform，and preclp・1tated with ethanolou亡 Of 2 M  

ammonlum aCetae 亡WICe． The amounts of firs亡 Strands  

synthesi乙ed were estimated by assaylng TCA－insoluble  

radioac亡ivi亡y．   

The pe11et con亡aining the plasmid－CDNA：mRNA was  

dissolvedin80plof130mM sodium cacodylate－30mM  

Tris－tlCl，Pt16・8buffer containinglmM CoC12，0・1mM DTT，  

0．1mM dCTP，40pCi［い32］dCTP，0・64Jlg Of poly（A），and  

20 U of terminaldeoxynucleotidyltransferase・The  
reaction was carried out at37 OC forlO min to permit  
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the addition of approximately 10 residues of dCMP per end 

and then termina亡ed wi亡h ん plof O．5 M EDTA． The  

products were extrac亡ed with pheno卜chloroform and then  

preclplta亡ed out of 2 M ammonium ace亡ate as described  

above．   

The pe11et was dissolvedin80plof buffer con亡aining  

20mM Tris－tlCl，Pt17■4r，7 mM MgC12，60mM NaCl）and O・1mg  

of bovine serum albumin（BSA）per ml．and then digested  

with24 U of Hin d工工工 endonuclease for 80min at 37 OC．   

The reaction was 亡erminated wi仁h EDTA and，after   

extraction with phenol－Chloroform followed by the  

addition of ammonium aceta亡e，the DNA was precIPl亡a亡ed   

wi亡b ethanol．  

To check the sizes of first strands synthesized by  

reverse transcrlptaSe and the digestion of 亡he vector  

With tlin d工工工 endonuclease，these samples were subjected  

to alkaline agarose gelelec亡rophoresis by 亡he me亡hod of  

McDonnell皇工旦土．（27）．  

A O・8pmoIsample of the Bi＿R d工工エーdiges亡ed oligo（dC）－  

tailed cDNA‥mRNA plasmid wasincubatedin a mix亡ure  

（200pl）containinglO mM Tris－tlCl，pt17．4，1mM EDTA，  

100mM NaClandl・6pmolof oligo（dG）－tailedlinkerI）NA  

（18）a亡65 0C for2min，Shifted to互2 0C for30min，and  

then c001ed to O OC． The mixture was adjusted to a  

VOlume of 2mlcontaining20mM Tri＄一且Cl，p且7・互，んmM  

MgC12，10mM ammonium sulfa亡e，100mM KCl，50pg of BSA  

per ml，and O・1mM β－NAD．After互U of E．coliligase  
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was added，the solu亡ion wasincubated▼0Vernigh亡at12OC．   

To replace the RNA strand of 亡heinsert，theliga亡ion  

mixture was adjusted to con亡ain40JIM of eachof the four  

deoxynucleotide triphospha亡es，0・15 mMβ－NAD，6 U of  

additionalE．c01iDNAligase，1U of E．coliRNase tl，  

and30U of旦．旦旦上土DNA polymerase 工． The mixture was  

incuba亡ed at，12 OC forlhr，and shifted to25 0C forl  

hr． Transformation of旦・旦吐＿主 且BlOl（28）was carried ou  

using the procedure described by Morrison（29）． After  

transformation of E・COlitlBlOL，the cells were pla亡ed on  

nitroce11ulose fil亡ers on ampICillin－COntaining agar  

plates．   

工dentification of 且uman Renin cDNA Clones   

The human kidney cDNA library was screened by colony 

hybridi乙ation  using a nick－tr’anslated 旦旦旦工／旦旦旦工  

fragmen亡（358 base pairs）from renin cDNA of a mouse  

Submandibular gland（19）．   

Prehybridi乙a亡ion was performed at 55 0Cin50mM Tris－  

tlCl，PR 7・6，10 mM EDTA，l M NaCl，0．2 冤  

POlyvinylpyrrolidone）0・2完FicollIO・2冨BSAI60Jlg Of  

dena亡ured旦 頭上DNA per ml．tlybridi乙ation was carried  

Out at55 0C for18hrin the same buffer containing a  

32p－1abeledprobe（1Ⅹ108cpm／pg）・ Filterswerewashed  

Six times wi亡h an excess of O・3 M NaCl，0．03M sodium  

Cltrate，0・1冤 SDS at 37 0C and subjected to  

autoradiography．   

The plasmid DNAs detected using the coIony  
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hybridization were extracted using the method of Birnboim  

and Doly（30）・ These plasmids were cleaved with several  

res亡riction enzymeS uSing the buffers described by Davis  

旦主旦1・（31）・ The cleavage products were separated by  

POlyacrylamide gelelectropboresis（5 冤 and 8 完）（32）  

and／or agarose gelelectrophoresis（1冤，1．2 完，l．5 冤，and  

l．8 完）（33）． The clones with renin cDNAinsert were   

Selected for DNA sequence analysis by the method of Maxam  

and Gilbert（32）．  

Comparisons of the nucleotide and the amino acid   

SequenCeS for human renin with 亡hose of mouse   
submandibular gland renin were used a dot matrix 

亡echnique（34）and maximum ma亡Ch method（35），reSPeC亡ively．  

Blo亡Ⅱybridization Analysis   

The poly（A）＋RNAs from humanliver andinfarcted kidney  

Were dena亡ured with glyoxal（36）and elec亡rophoresed on   

l．5 ％agarose gel・The separated RNAs were亡ransferred  

to diazobenzyloxymethyl－paper aCCOrding to the procedure  

of AIwine旦主旦主．（37）．The diazo paper was prehybridized  

at 42 0C for 2∠Ihrin 50 冤（vol／vol）formamide，0．75 虻   

NaC10．075 M sodium citra亡e，50 mM sodium phosphate  

buffer，p且 7・0，0・02 完 polyvinylpyrrolidone，0・02 冤  

Ficoll，0・02 冤 BSA，1冤 glycine，0・2 冤 SDS，100 pg  

denatured salmon sperm DNA per ml・ The paper wa  
hybridized at420C for24hrin the same solu亡ionexcep亡  

tha亡glycine was omitted and tha・t the solution contained  

a 32p－1abeled probe（nick一亡ranslated旦監旦工工fragmen亡  
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containing nucleotides170－1，127 from clone ptlRn321）・  

After the hybridizaLtion，the paper was washed a亡420Cin  

O．ん5 M NaCl，0．0在5 M sodium ci亡raヒe，0．1冤 SDS，and  

subjected to autoradiography・   

All of 亡he cloning procedures were conductedin  
accordance with the guidelines for researchinvolving  

recombinan亡 DNA molecules issued by the Ministry of   

Education，Science and Culture ofJapan・  
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RESULTS  

Cell－Free Translation of tlutnan Renin皿RNA   

Concentra亡ion of human renin mRNA was at a verylow  

levelin normnalkidney・Therefore，a kidney亡ha亡had  

been removed from a patient with severe renovascular  

hypertension caused by renalischemia was used for 亡he  

source of poly（A）＋RNA．工nitialextraction of to亡alRNA  

WaS Carried out by the guanidine thiocyana亡e method of  

Chirgwin＿Si旦ユ・（20）toisolateintact RNA．From26g of  

aninfarc亡ed human kidney，aPprOXimately 66mg of RNA was  

Ob亡ained． Passage of to亡alRNA over on oligo（dT）－  

cellulose column gave a5完yield of poly（A）＋RNA．The  

presence ofintact renin mRNAin 亡his preparation was  

confirmed by ce11－free translation of the poly（A）＋RNAin  

the presence of［35s］methionine・工mmunopreclpltation of  

tranSla亡ion products with an亡i－renin antibody and analysis  

Of 亡he radioactive preclpltateS by SDS－POlyacrylamide gel  

electrophoresis and fluorography revealed one ma］Or  

specific barLd with a Mr of45，000（Fig・2）・  

Construction，Selection，and Characteri2；ation ofIluman  

Renin cDNA Clones   

Alibrary of cDNA clones was cons亡ructed from the human  

renalpoly（A）十RNAbyusing the vector／primer method of  

Okayama and Berg（18），Whichprovides a highly efficien亡  

means for obtaining full－1ength cDNAs・工nitially，the  
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1ibrary was SCreened for human renin sequences by  

hybridization wi亡h a 358－base－pairs 旦L⊆Ⅰ／AjiAI  

res亡ric亡ion fragment ob亡aind from the previously cIoned  

mouse renin cDNA（19）（Fig．3）． Of 亡he 50，000 colonies  

screened，6 colonies positive for hybridi乙ation were  

isolated． Recombinant plasmids from the selected  

colonies were prepared，digested with various restriction  

enzymeS，and electrophoresedin agarose gels to determine  

the size． Theinser亡，Which con亡ained 800－l，300 base  

pairs，Seemed unable 亡O COVer the entire coding sequence  

since mRNA coding for a Mr 45，000 pro亡einis expected 亡O  

have atleastl，互00 nucleotides，including 5．and 3I  

noncoding sequence；in fact｝ this was proved to be the  

case byla亡er sequenCe analysis（Fig・4）andblot  
hybridiza亡ion analysis（Fig・6）・  Toisolatelonger  

cDNAs，therefore，190，000 colonies were further screened  

by using the迦工（390）／迦工（630）restriction fragment  

（Fig．4）excised from thelongest human renin cDNAinsert  

（ptIRnO11）cIoned above，and 29 clones positive for  

hybridiza亡ion were recovered・ Size analysis of 亡heir  

insertsindicated that one recombinant plasmid，PtlRn321，  

contained aninsert with aboutl，600 base pairs．This  

clone and the ptlRnO11cDNA clone were subjected to  

SequenCe analysis．  
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Nucleotide SequenceAnalysis   

The sequences of two differen亡 Clones were de亡ermined  

to verify the absolute fideli亡y of the cDNA sequence as a  

copy of the mRNA・Theinserts from ptlRnOlland ptlRn32l  

were analyzed with a series of restric亡ion enzymes・  

Figure4 shows the res亡riction map and sequence analysis  

strategy・The complete nucleotide sequence of亡helonger  

clone（ptlRn321）determined by the chemicaldegrada亡ion  

methodis shownin Figure 5． The entire sequence was  

ob亡ained from both 亡he message and complementary strands・  

There was conplete agreementin亡he nucleo亡ide sequences  

obtained from the overlapplng areaS． The insert  

containedl，459nucleotides and thelength・Of the poly（A）  

tailwas no亡includedin 亡his determination． The DNA   

sequence of the shorterinsert〉 ptiRnOll，WaS found to be  

identical with that of the corresponding reglOn Of  

ptlRn32l・ The cI）NAinsert of ptlRn32lcon亡ained ん2  

nucleotidesin the 5－noncoding reglOn，1，218nucleotides  

in the coding reglOn，and199 nucleotidesin the 3．  

un亡ranslated region preceding the poly（A）tail・From  

thisinformationit was possible to analyze mos亡Of the  

structure of human renin mRNA． The 5f and 3’   

untranslated reglOnS Of the mRNA share many of the  

features already noted in order eukaryotic mRNA 

sequences；for example，the nucleotide sequence around  

theinitiation codonis consistent with the sequence A／G－   

N－N－A－U－G－G，Which has been shown to be most favored for  

20   



Figure 5. Nucleotide and corresponding amino acid 
SequenCe Of pla平idp甘Rn321and岬RnOllencoding bu皿an  
retlaL pr甲rOrenln・Nucleo亡ide are nu皿beredin亡he5T一亡O一  

亡 

言。 
nucleotides on 亡he 5－ side of residuelareindica亡ed by  
negative numbers．The deduced amino acid residues a・re  
indica亡ed もelow 亡be nucleo亡ied 亡てiple亡S・ Tbe ma仁uてe  
polypep亡ide begins a亡亡he Leu residuelabeled tll・The  
numbersin 亡bel汀aCeS Tefer 亡O amino acid posi亡ions  
Within 亡he ma亡ure renin． The single and double  
arroぬeadsindica亡e亡be pてObable ends ofleadeてSequ甲Ce  
and prosequence，reSpeCtlVely，aS predicted by comparlSOn  

S
 
′
ヽ
・
1
 
 

9） and buman  
亡e aspar亡ic acid  

Wi亡b mouse てenin pてeこuてSOて  
prepepsinogen（ら7）． Tbe 亡WO aC亡ive－  
residues，pOten亡ialN－glycosylation sites，and the A－A－T－  
A－A－A sequence within 亡he 3．un亡ranslated reglOn are  
undeて1ined．  

之1   



－42 AACCTCAGTGGATCTCAGAGAGAGCCCCAGACTGAGGGAAGC  －1  

TGTY 60   l ATG GAT GGA TGG AGA AGG ATG CCT CGC TGG GGA CTG CTG CTG CTG CTC TGG GGC TCC  

Me‡AspGlyTrpArgArg｛空言吉‡ProArgT謂GlyLeuLeuLeuLeuLeu（！恥GlySerC冨言  
61ACC TTT GGT CTC CCG ACA GAC ACC ACC ACC TTT AAA CGG ATC TTC CTC AAG AGA ATG CCC 120   

ThrPheGlyLeuProThr｛増）ThrThrT㌢石PheLysArgIlePheLeu（矯1ArgMe亡P吉富  
121TCA ATC CGA GAA AGC CTG AAG GAA CGA GGT GTG GAC ATC GCC AGG CTT GGT CCC GAG TCG 180   

（1 Ser工1eArgGluSerLeu｛t冨言）GluArgG圭首ValAspMeEAlaArgLeu毀ProGluT謂  
181AGC CAACCCATGAAGAGdn：TGACACTTGGCAACACCACCTCC TCC GTGATC CTC ACCAAC 240   

SeTGln加地亡1ys㌍苧｝縛TbrもeuG鴇色空でhrTもTSeTSerVal工1eLeuThrAsn                                             （10）        80  

241 mC ATG GAC ACC CAG TAC TAT GGC GAG ATT GGC ATC GGC ACC CCA CCC CAG ACC TTC AAA 300   

Tyr鮎亡AspTbrGln言箭）TyTGlyGlu工主音Gly工1eGlyTbrアroProGlnTbr？be吉富言                                            （30）  

301 GTC GTC TTT GAC ACT GGT TCG TCC A〟r GTT TGG GTG CCC TCC TCC AAG TGC AGC CGT CTC 360   

ValValPhe皇望Thr弼ISerSerAsnValTrpValProSerSer弼）Cys                                      llO  

361 TAC ACT GCC TGT GTG TAT CAC AAG CTC TTC GAT GCT TCG GAT TCC TCC AGC   

Ser ArgI－eu  
120  

TAC AAG CAC 420  

Tyrlys Ris  
l叫O  

CTC AGC CAG 480  

Leu Ser Gln  
160  

ACG GAG ATG 540  
Tbr Glu Me亡  

180  

TyrThrAlaCysVal弼‡RisLysLeu詑言AspAlaSerAsp  
421 AAT GGA ACA GAA CTC ACC CTC CGC TAT TCA ACA GGG ACA GTC   
坐聖GlyThrGluLeuTbrLeuArgTy丁字号音甑GlyTbrVal                 8  

（0‡  

481 GAC ATC ATC ACC GTG GGT GGA ATC ACG GTG ACA CAG ATG TTT   

Asp工1eIleTbrV山（子吉冨†Gly工1eでhてア手玉TbてGln鮎亡phe  

Ser Ser Ser  
（70）  

AGT GGC TTT  

Ser？he  
1  

GGA GAG GTC  

GlyVal  
（）  

541 CCC GCC TTA CCC TTC ATG CTG GCC GAG TTT GAT GGG GTT GTG GGC ATG GGC TTC ATT GAA 600  
GlyGlyphe工1eGlu  
（）  200  

ProAlaLeuProPheMe亡LeuAlaGluAspGlyValVal  
（1之0†  

601 CAG GCC ATT GGC AGG GTC ACC CCT ATC TTC GAC AAC AIC ATC TCC CAA GGG GTG CTA AAA 660   
GlnAla工IeGlyArgThrPro工1ePheAspAsn工1e工1eSerGlyValLeuLys  

（） 210  （  220  

661 GAG GAC GTC TTC TCT TTC TAC TAC AAC AGA GAT TCC GAG AAT TCC CAA TCG CTG GGA GGA 720   

（） GluAspValPheSer詑旨TyTTyrAsn告謂AspSerGluAsnSerGlnSerLeuGly究首                                            （170）  

721 CAG Arr GTG CTG GGA GGC AGC GAC CCC CAG CAT TAC GAA GGG AAT TTC CAC TAT ATC AAC 780   

GlnlleValキeuGly（詑首）SerAspPro宣告昔HisTyTGluGlyAsnPbeRisTyr工Ie告謂                                            （190†  

781 CTC ATC AAG ACT GGT GTC TGG CAG ATT CAA ATG AAG GGG GTG TCT GTG GGG TCA TCC ACC 840   
Leu工1eLysThrGlyTrpGln工1eGlnMe亡LysGlyVaiSerGlySerSerThr  

（1 270  （‡  280  

841 TTG CTC TGT GAA GAC GGC TGC CTG GCA TTG GTA GAC ACC GGT GCA TCC TAC ATC TCA GGT 900   

（I LeuLtuCysGluAsp（宣圭首1CysLeuAlaを鍔Val聖ThrGlyAla…語Tyr工1eSer冒詑  
901 TCT ACC AGC TCC ATA GAG AAG CTC ATG GAG GCC TTG GGA GCC AAG AAG AGG CTG TTT GAT 960  

（I SerThrSerSer工1e党首LysLeuMet宮王甘AlaLeuGlyAlaLys（吾首言1ArgLeuPhe含謂  
961 TAT GTC GTG AAG TGT AAC GAG GGC CCT ACA CTC CCC GAC ATC TCT TTC CAC CTG GGA GGClO20  
TyrValValLysCy5GluGly王ヒOThTLeupTOAsp工1eSerpbeEisLeuGly  

（） 330  （270I  

lO21 AAA GAA TAC ACG CTC ACC AGC GCG GAC TAT GTA TTT CAG GAA TCC TAC AGT AGT AAA AAGlO80  

（280）  LysGLuTyrThrLeuThrSerAlaAspぎ詣ValPheGlnGluSer（冨g61SerSerLys吉富冒  
1081 CTG TGC ACA CTG GCC ATC CAC GCC ATG GAT ATC CCG CCA CCC ACT GGA CCC ACC TGG GCCl140  

（300）  1餌CysTbrLeuAla工1e且isAla鮎t合字冒工1epro甑oPmThr（き払蝕oTbr  
Trp Ala  
380  

l141 CTG GGG GCC ACC TTC ATC CGA AAG TTC TAC ACA GAG TTT GAT CGG CGT AAC AAC CGC ATT1200  

（I LeuGlyAlaThrPheき主音ArgLysPhe詣言ThrGluPheAspArg（鰯）AsnAsn  
Arg  

1201 GGC TTC GCC TTG GCC CGC TGAGGCCCTCTGCCACCCAGGCAGGCCCTGCCTTCAGCCCTGGCCCAGAGCTGGA1273   

GlyPbeAlaLeuAk（鰯†…  
1274 ACACTCTCTGAGATGCCCCTCTGCCTGGGCTTATGCCCTCAGATGGAGACATTGGATGTGGAGCTCCTGCTGGAJGCGT1352   

1353 GCCCTGACCCCTGCACCAGCCCTTCCCTGCTTTGAGGACAAAGAGAJuAAAGACTTCATGTTCAC  

22   



eukaryoticinitiation sites（38）． The 3－ untranslated  

region con亡ains，in the expected position（20nucleotides  

upstream from the poly（A）tail），亡he hexanucleotide5一－A－  

A－U－A－A－A－3．which could function as a signalfor poly（A）  

addition or termination of transcrip亡ion（39）．  

PredictedAmino Acid Sequence of 且uman Renin  

The amino acid sequence deduced from the nucleo亡ide  

sequence analysis is shown in Figure 5. At the NH2 

terminus is a sequence of hydrophobic amino acids  

characteristic of 亡he slgnal peptides found in the  

precursors of many secreted pro亡eins・The亡WO adjacent  

basic residues，Lys－Arg at position 65－66，may repreSent  

the site of proteolytic cleavage upon 亡he conversion of  

PrOrenin to mature renin；亡he presence of prorenin was  

SuggeSted by the finding 亡hat human kidney contains  

inac亡ive renin that can be activa亡ed by 亡rypsin．  The  

Tablel．Amino acid composition of human renin  

u
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t
 
e
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r
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r
 
l
 
 

e
 
V
〕
 
e
 
h
 
r
 
e
 
h
 
r
 
y
 
a
 
 

L
 
L
 
M
 
P
 
P
 
S
 
T
 
T
 
T
 
V
 
 

Ala  16  

Arg  lO  

Asp  17  

Asn  12  

Cys  6  

Glu  16  

Gln  12  

Gly  34  

日うs  6  

Ile  Z2  

8
 
5
 
8
 
9
 
3
 
3
 
0
 
3
 
7
 
3
 
 

1
 
2
 
 

1
 
1
 
3
 
3
 
 

2
 
1
 
 

Total 340 amino acids 
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molecular weight（Mr ＝ 37，200，Sugar reSidues not  

included）calcula亡ed from・仁he predic亡ed sequenceisin  

agreemen亡With that de亡ermined by Yokodswa旦主旦主．（3）for  

the purified protein・The amino acid composi亡ion of the  

mature protein which consists of3年O amino acid residues，  

isindicatedin Tablel．   

Codon utilization for human preproreninis no亡 random  

and exhibi亡S a marked preference for codons endiTlg Wi亡h G  

Or C（Table2）．For example，While20codons for valine  

endin G or C，Only four endin A or T；Similarly for  

leucine，the codons with G or Cin the third posi亡ion  

OCCur8timesmore frequen亡1y thanthe codons endinglnA  

Or T・ Such a nonrandom codon usage has been observedin  

O亡her animalgenes（40）．  

工dentification and Size Determination of Renin tELRNA by  

迅lot且ybridiza亡ion Analysis   

Takahashiand Tang（ん1）have recen亡Iy shown that bovine  

Cathepsin D and renin from the mouse submandibular gland  

are unexpectedly similarin 亡heir amino acid sequences．  

Therefore，tO C・Onfirm that the cloned p且Rn321is  

COmplementary to reninmRNAandnot亡O CathepsinD and亡O  

de亡ermine the size of human renin mRNA，Cloned cDNA was  

used as a probe to hybridize to mRNA isolated from human 

kidney，a ma］Or SOurCe Of renin，and from亡heliver，an  

abundan亡 SOurCe Of ca亡hepsin D． As anticlpated，the  

PrObe hybridized only to kidney mRNA（Fig．6）．  

2ん   
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On the basis of its mlgra亡ionin a denaturring gel  

sys亡em，it was estimated that the sequence of rna亡ure  

human renin mRNAisl，600nucleotideslong・A pro亡ein  

wi亡hん06 amino acid residues requiresl，218bases fori亡S  

coding sequence・The renin mRNA musヒ，therefore，have  

about380noncoding bases，including the3一－pOly（A）tail・  

a b  
一－－0「igin  

一疇■－・28S  

－－23S  

－■トーー18S  

■■   一－16S  

†こiver  

Kidney  

冨i  

ki  
ure 6・ Blo亡bybridi之ation analysis ofliver and 訂  
d
 
 

‖ ‾ ▼ ‾－  ‾ Y r b  、■ ■■   
ぎ言さ畿盈gf蒜亡浩ご。箋iまご孟訟書ミミe芸≡1遥‡認）had                                                                                      Tbe POSi亡i 
ons of 仁he size markers（旦・址and human ri 
boso皿alR封As）areindica亡ed．  
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D工SCUSS工ON   

Emphasis was placed on the study of human renin, which 

is involvedin the pa亡hogenesis of severalforms of  
hypertension・tluman kidney reninis a key enzymein 亡he  

control of blood pressure as we11 as water and  

electrolyte balance・ 工ts nucleotide and amino acid  

sequences had not been anaLy乙ed previously・The selection  

of transformants containing sequences corresponding to  

human renin was greatly facilitated by the availability  

of the defined cDNA of the mouse submandibular reni．n，  

which has previously been shown to cross－hybridize wi亡h  

human genomic DNA（19）・工n recent years the primary  

struc亡ure of 亡he renin of the mouse submandibular gland  

has been determinedindependently by Misono呈上旦主．（8），  

and Panthier旦主且1．（9）through chemicalsequence analysis  

Of purified pro亡ein and sequencing of a cDNA clone，  

respectively．   Since the primary sequence of human  

renin was unknown，the finalconfirma亡ion of theidentity  

Of the clones was obtained by de亡ermining the sequences  

of the cDNAinser亡S and comparing the nucleo亡ide and the  

derived amino acid sequences with published sequences of  

the renin cDNA of the mouse submandibular gland（9）．A  

COnSiderable degree of homoIogy was thus found between  

the nucleotide aLnd amino acid sequences of the two   

enzymes，aS discussed below．  
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Co皿parison of Nucleotide Sequences 迅etween 臥皿an 鼠idney  

and Mouse Submandibular Gland Renin cDNAs  

A complete nucleotides sequence of the cDNA coding for  

human preprorenin was consisted of l，218 bases．  

Comparison of 亡he nucleotide sequence of human renin cDNA  

With that of mouse submandibular gland renin by a dot  

matrix technique denotes that 亡he human and mouse   

SequenCeS are remarkably hom0logous（Fig．7）． The overa11．   

homology be亡Ween the 亡WO SequenCeSis 76 冤．  

Anino Acid Sequences of且uman and Mouse Preprorenins and  

Co皿parison vith Those of Other Aspar亡ylProteinases   

The amino acid sequence of human preprorenin was  

deduced from the nucleotide sequence analysis ofi亡S  

CDNA・  Thi’s sequence（Fig．8）is aligned to maximize  

homology with 亡hat of mouse submandibular gland renin  

using the method of maximum ma亡Ch・ A sequence of  

hydrophobic amino acids characteristic of the slgnal  

Peptide（such as Leu－Leu－Leu－Leu）was presen亡at the Nt12－  

terminus：this presequence of humaLn renin contains amino  

acids throughlto 20in Figure 8．The two adjacent  

basic residues，Lys－65 and Arg－66in Figure 8，may  

represent 亡he site of proteolytic cleavage upon the  

COnVerSion of prorenin to ma亡ure renin・Th占presence of  

proreninwas suggestedby the finding・that bumankidney  

COntainsinactive renin tha亡 Can be ac亡ivated by  
trypsin（12）．  
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Cユ）NA，enCOding the complete amino‘acid sequence of  
preproTenin． More 亡ban four consecu亡ive dots on wbicb  
eacb do亡 presen亡S a base 亡hat coincided in 亡be 亡WO  
SequenCeS are reCOrded．  
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Figure8・丑otnology of a皿ino acid sequence be亡Ween tVO  
preprorenins frotzLhutnan kidney and mouse submandibular  
gland・工den亡icalresidues are enclosedin solidlines・  
The homology searchwas carried ou亡by a compu亡er－aided  
maximunmチtCh（15）・  〔20－21］and ［66－67］indica亡e the  
proteolytlC Cleavage si亡es for prorenin and ma亡ure repin，  
respec亡ively．The arrow（†）indica亡es possible sl亡es  
attacked by 亡rypsin－1ike enzyme（s）・  
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Gly Trp  
Ar畠  Ar呈 Ar畠 Met Pro Arg Ar名 Met Pro  

A「g  

Leu  
Met Asp  
Net Asr, GIy Jeu Ala  Human  
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LeuJeuJeuJeu Trp  
しeu Leu Leu Leu Trp  

G‡y Ser  
Ser Pro  

Asp Thr  
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Thr Thr Phe  
Thr Thr Phe  
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Leu Pro Thr  
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エIe  

Thr  
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130  
Phe Asp Ala  
Tyr GIu Ser  

ValTy「  

Gけ 工Ie  
Ala Cys  
Ala Cys  

Human Ty「  
Mouse TYr  

Ser Asp Ser Ser Ser Tyr  
Se「Asp Ser Ser Ser TYr  

Thr Glu Jeu  
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Leu Ala Jeu  
G‡u ValVal  
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Ile Se「  

Aゴa  

Se「  
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Pro Thr Jeu Pro Asp IIe Ser Phe  
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工】e  

Leu  

Ala  
Thr  

†  ★  

HuJ，nan Ile Gly Phe Ala Jeu Ala Ar  
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The molecular weight of ma亡ure human renin（Mr ＝  

37，236）calculated from the amino acid sequenceisin  

agreemenこWith that de亡ermined by 工nagami（12）for the  

purified protein・ The m0lecular weigh亡 Of human  
preprorenin（Mr ＝ 左5，057）is consistenヒWith a Mr of  

互5，000，Which was ob亡ained by the methods of the cell  

free transla亡ion of renin mRNA and SDS－POlyacrylamide gel  

elec亡rophoresis（Fig・2）・The molecular weigh亡S Of 亡he  

prepro－，PrO－，and mature forms of human renin are 500 亡O  

800 grea亡er than 亡hose of mouse submandibular gland  

renln． These differences are，however，Smaller 亡han  

亡hose an亡icipated before（13）．Since human kidney renin  

is glycoprotein，its molecuLar weigh亡islarger亡han tha亡  

calculated by amino acid sequence・The differencein 亡he  

m0lecular weigh亡 Of human renin with and without  
carbohydrate residuesis underinvestlga亡ion・   

Comparison of 亡he amino acid sequence of human renin  

with that of mouse submandibular renin indicates a high 

degree of hom0logy between the 亡WO enZymeS・An overa11  

hom0logy，including presequence be亡Ween the two reninsis  

68．7 冤．  Moreover，Certain reglOnS Of renin are  

remarkably conserved between the two species，  

paLrticularly 亡he regLOnS COrreSpOnding to 亡be two  

Catalyticallyimportant aspartylresidues Phe一坐且－Thr－  

Gly－Ser a亡amino acid positions103 through107in Figure  

8，（porcine pepsin No．3l－35in Table3）and Vaト坐且－Thr－  

Gly a亡 POSi亡ion 291through 294iTIFigure 8（porcine  
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pepsin No・214－217in Table 3）．These catalytically  

important sequences are also homologous with all other 

aspartylproteinases（Table 3）．  

Table3．Act†ve site residues of aspartylproteinase5  

Proteinase  Amino acid sequence of residues  

36  37  
－ Ser － Asn一  

一 Ala － Asn－  

－ Ser － Asn－  

－Ser－Asp－  

－Ser－Asp－  

－Ala －Asp－   

30  31  3Z  33  34  35  
－Gly－Ser  SP一丁hr   Renjn（human）  

lmouse）  

Pep5†n（human）  

（pjg）  

－Val－  

＿11e －  

－Val－  

－Ile －  

Phr－Asp －Thr－Gly－Ser  

Phe－Asp－Thr－Gly－Ser  
Phe－Asp－Thr－Gly－Ser  
Phe－Asp－Thr－Gly－Ser  
Phe－Asp－Thr－Gly－Ser  

Chymosin（bovine） －Leu－  

－Asn 一  Penjcjllopep5jn  
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218 219 220020 
－Ala －Ser一丁y巨  

－ Ser － Ser － Phト  

ー Thr － Ser － Leu  

＿ Thr － Ser － しeu  

一Thr－Ser－ Ly5  

一 丁hr － Thr － Leu  

215  216  217  213  Z14  
－Leu － Val一  

一Val－ Val－  

－Ile － Val－  

－Ile － Val一  

－Ile － Leu －  

－Ile －Ala －  

Renin（human）  

（mouse）  

Pepsln（human）  

（pうgJ  

Chymo5jn（bovlne）  

Penlcillopepsin  

Asp一丁hr－Gly  

Asp一丁hr－Gly  

Asp一丁hr－Gly  

Asp一丁hr－Gly  

Asp－Thr－Gly  

Asp一丁hr－Gly  

g
 
g
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r
 
 
】
l
 
－
1
 
 

A
 
A
 
A
 
 

Amino acid residues are numbered according to porcine pepsin．   

工n addi亡ion to the two ac亡ive site aspartylresidues  

（Asp－32 and Asp－215in Table 3），the other cataly亡ically  

important residuesin aspartylpro亡einase are also found  

in human renin． For example，Ser－35in human renln  

（Table 3）may be hydrogen－bonded to 亡he carboxylate  

OXygen Of Asp－32，aS SuggeStedin mouse submandibular  

gland renin（13）． The sequence Thr－Gly（216－217in Table  

3），Whose peptide moiety has beenimplica亡edin the  

Cataly亡ic mechanism of penicillopepsin（13），againis  

foundin human reninin the presen亡investlgation andin  

mouse renin（13）． Both of these structures，Ser－35 and  
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Thr－Gly（216－217），are Within close proximi亡y of亡he亡WO  

active site aspartyl residues Asp－32 and Asp－215）  

respectively・工n addiヒion，Tyr－75and Arg－308in porcine  

pepsin or Tyr－75 and Lys－308in penicillopepsin  
implica亡edin the ca亡alytic mechanism are alsoiden亡ical  

or function・ally conservedin human and mouse renins（Table  

3）．   

These findings s亡rongly suppor亡the argumen亡ヒha亡，．1n  

spl亡e of亡he marked differencein the ptloptimum of the  

catalysis，亡he catalytic mechanism of reninis very  

similar 亡○ 亡ha亡 Of other aspartylpro亡einases． The  

sequence identity of human prorenin with human  

pepsinogen（互7）was 3左 記・  Moreover，亡he amino acid  

residuesin buman reniniden亡icalヒ○ 亡hosein pepsin or  

penicillopepsin are distributed throughout 亡helength of  

the molecule，Which sugges亡S tha亡 the 亡ertiary structure  

of renin should be similar to those of pepsin and   

Penicillopepsin．  

PotentialGlycosylati．on Sites   

As discussed above，human kidney reninis hom0logous to  

the renin from mouse submandibular gland．This homology  

includes the primary and mostlikely the tertiary   

S亡ructure and ca亡alytic appara亡us． The ma］Or Sヒruc亡ural  

difference distinguishing the two enzymes is the presence 

Of two glycosylation sitesin human kidney renin． 且uman  

renin has two glycosylation sites Asn－Ⅹ－Thrin residues  

3∠I   



71through73andl左Ithroughi互3in Figure8which are  
no亡 Observedin mouse submandibular gland renin（8，9）．  

The threonyl residue two away from the glycosylated Asn 

residueis the normalglycosyla亡ion slgnalfor N－1inked  

Oligosaccharides（42）・ The result 亡ha亡human kidney renin  

is glycopro亡einis consistent with other biochemicalda亡a  

Ob亡ained previously（12）・ There is ano亡her aspartyl  

PrO亡einase，pOrCine spleen ca亡hepsin D，Which has 亡WO  

glycosyla亡ion si亡es（Asn－67 and Asn－183，based on 亡he  

residue number of porcine pepsin）（42，キ3）．  工亡 is  

in亡eresting to noヒe ヒhat the two glycosyla亡ion positions  

in cathepsinI）are located one in each half of 亡he  

m0lecule，Whereas thosein human kidney renin areloca亡ed  

Onlyin one－half of the molecule．工仁is not clear 亡ha亡  

this difference beヒWeen the ヒWO enZymeSimplies any  

physi0loglCalsLgnificance，although the function of  

these 01igosaccbarides，a・tleas亡in ca亡hepsin D，is 亡O  

SerVe aS makers of packaglng Of these en乙ymeS．  

Modelfor Cellular Processing of Renin  

A model for the processing of human and mouse  

preprorenin 亡O prOrenin and mature reninis shownin  

Figure9・The slgnalpep亡ide attached to亡he beginning  

Of the proteins helps to direct the newly syn亡hesized  

preprorenin 亡Oits destina亡ion andis clipped off whenit  

passes 亡hrough the membrane of endoplasmic re亡iculum．  

The signalpep亡ides（presequences）consist of 20（human）  
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and18（mouse）amino acids and are cLeaved by a  
proteolytic enzymein the membrane to form prorenins．  

Prosequences consisting of キ6（human）and 互5（mouse）amino  

acids are cleaved by an ac亡iva亡ing enzyme 亡O PrOduce  

mature renlnS・ The mature renins are composed of 3∠IO  

（human）and 338（9）or 333（8）（mouse）amino acids． The  

mouse renin consis亡S Of a heavy chain（6互－353）and alight  

Chain（354－んOl），aS Shownin Figure 9． Consequen亡Iy，  

human renin may be composed of a heavy chain（67－360）and  

alight chain（36卜ん06）．   

Knowledge of renin has recently become very de亡ailed  

but confusing． Multiple fornS Of active renin have been  

extracted from kidneys of several species（48）． The  

PrObability tha亡 these renins are the produc亡S Of  

SeParate renin genes seems 亡O be verylow because all亡he  

human renin cDNAs clonedin this s亡udy yleldidentical  

pa亡亡erns of res亡riction fragments when digested wi亡h Ava  

工工，至追旦工，Or 至垣＿E N工 an－d analyzed by electrophoresis．  

Therefore，the different forms of renin may result from  

posttransla亡ionalmodifications or morelikely represent  

a mere experimental artifact induced by limi亡ed  
proteolysis during tbe extraction and purifica亡ion  

procedures・工n support of this view，four cleavage sites  

Wi亡h two basic amino acids（Lys－Arg（250－251），Lys－Lys（293－  

29ん），Arg－Lys（321－322），and Arg－Arg（329－330））（Fig．9）  
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are known to occur near ヒhe COOtl亡erminus of ma亡ure   

renln．工n addition ヒO the ac亡ive renins，inac亡ive renins  

that can be activated by 亡rypsin have been demonstra亡ed  

in human kidneys and plasma．  Biochemical  

charac亡erizations have sugges亡ed 亡ha亡inactive reninin  

the kidney corresponds 亡O prOrenin，a biosynthe亡ic  

PreCurSOr Of renin・賃owever，亡he rela亡ionship between  

the renalprorenin and ヒheinac亡ive ma亡erialin plasma，  

Which accounts for more 亡han 80 諾 of 亡he tota．1plasma  

renin，is not clear（for reviews see refs．ん9－51）．   

At亡empts to show tha亡inactive reninin plasmais a  

PreCurSOr Of the circulating active renin have produced  

COnflicting resul亡S，and currently available data do no亡   

allow one to determine whether the plasma inactive renin 

represents 亡he prorenin secre亡ed from the kidney or the  

PreViously active renin covalen亡Iy combined with an  

inactiva亡ing proヒein． 工亡is anticIPa亡ed that the si乙e  

and the amino acid sequence of ヒhe pro segmen亡repor亡ed  

here may contribu亡e to a more precise analysis of the  

exact na亡ure of plasmainactive renin．  

Recent studies tha亡 have demonstra亡ed 亡he presence of  

reninin severalorgans other than the kidney have  

modified 亡he classic assumption that the renin－  
anglOtenSin sys亡emis a system of renal orlgln that  

regulates bl00d pressure・Especially，renin from 亡he  

brain has drawn a grea亡dealof at亡ention becauseitis  

implicated in the regulation of numerous activities of 
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亡he centralnervous sys亡em（52，53）・ Fu11－leng亡h renin  

cDNA clones here could serve as useful tooIs for the   

Cloning of ex亡rarenalrenin cDNAs as wellas for the  

analysis of the organization of human renin genes and for  

亡he production of human reninin heter0logous cells such   

as Escherichia coLi．  
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Chapt占rII工・ Expression of 現uman Prorenin Genein  

Escbeてicbia coli  

SUHMARY   

DNA sequences encoding 工1e－Glu－Gly－Arg and human  

prorenin were］Oined and placed under the transcrLPtion  

controlof the Escherichia coli亡rp PrOmOter－OperaヒOrin  

the expression plasmid pTR501・B：SBiice11s transformed  

with pTR501expressed highlevels（30 冤of totalcell  
protein）of prorenin as part of a hybrid protein wi亡h the  

亡rp E gene product・The chimeric protein，aCCumula亡edin  

a sedimentabale form，WaS dissolvedin 6 M guanidine  

hydrochloride，Purified 亡O near homogeneity，aLnd  

renatured by diaLlysis．The complete prorenin sequence  

was then excised from the rena亡ured hybrid pro亡ein using  

blood coagulation factor Xa，a prOteinase whichis highly  

SpeCific for the tetraLPep亡ideinsert 工1e－Glu－Gly－Arg  

introduced be亡Ween the 9 amino terminalresidues of the   

trp E gene product and the firs亡 amino acid（Thrl）of  

prorenin． tluman prorenin 亡hus obtained was readily  

ac亡ivatable wi亡h trypsin and showed close similarities to  

naturally occurring prorenininits biochemicaland  

immunochemicalproperties・  
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工NTRODロCT工ON   

Plasmainac亡ive renin，Which comprises70－90冤of to亡al  

Circula亡ing renin and exhibits a unlque reVerSible  

ac亡ivationwhen exposed to acid，has been a focalpoint  

Of muchinvestigation（互9－5l，54，55）．工n recent years，  
節  

plasmainactive renin wasiden亡ified wi亡h prorenin，a  

biosynthetic precursor（56，57）．Althoughits comple亡e  

amino acid sequence（Chapter工工）（58）and gene structure  

（59，60）have been determined by nucleotide sequencing of  

CI）NA and cloned chromosomalI）NA，human renin still  

presents experimen亡al difficulties ln ltS  
Characterization and elucidation of the mechanisms of   

activation mai，nly because ofi亡Slow concentra亡ion．   

Thereforeit was attemp亡ed to produce human proreninin  

quantities sufficient for its biochemical   

Charac亡erization and clarification of the ac亡iva亡ion   

mechanisms，uSing the expression system for foreLgn geneS  

in Escherichia coli．   

Many kinds of expression vectors have been developed to  

produce proteins of biochemicalinterest（6l，62）． The  

expression vec亡Or COn亡ains sequences of DNA that are  

required for the transcrlption of desired gene and the  

translation of its mRNAin E■ COli．  The ma］Or  

requirements for expression of a cloned gene are an E．  

colipromoter 

10）．  
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PrOmOter  

－35－10  SD ATG  TGA terminator  

DNA  

†  

RNA polymerase  

5－  sD．AUG  

斗∴十∴照∴‡÷  

tran＄Cription   

mRNA  

t  
ribo80me  

十∵∵十∴き‡二十十十  
tran＄lation  

Met  

PrOtein  

Figure10・ Gene st亨uCture 早nd flow of genetic  
informa亡ion in Escbericbia coIL  SD，Shine－Dalgarno  
SequenCe Whichis complemen亡ary to the3Iend of E．coli  

16S rRNA；N，amino terminus；C，Carboxyl亡erminus．   

工f the desired geneis of E・COliorlgln，its promo亡er  

must functiotlPrOPerlyin E・COli・Therefore，the gene  

COding for the protein，along withits promoter，Can be  

inserted direc亡1yinto a high－COpy－number旦．s9iiplasmid  

presentin abou亡30－ 50copleS Per Cell・工f the gene  

functions as wellwhenloca亡ed onヒhe plasmid asit did  

When chromosomallylocatedIrOughly a 30－ tO 50－fold  

increasein 亡he amoun亡 Of the desired protein per  

transforned celloccurs・Forinstance，the E、COlilac Z   

gene product produced up to 30 完 of 亡he to亡alsoluble  

PrOtein of the cell．   

tlowever，for expression of the forelgn genein旦・旦史上主 
，  

the gene coding for the pro亡ein mus亡be placed under亡he  

COn亡rolof an旦・出promoter such as the辿PrOmO亡er  

and主工里prOmO亡erwhich are efficientLy recogni乙ed by E．  
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coliRNA polymerase・Such recombinan亡S Can direc亡the  

synthesis oflarge amounts of pro亡ein when presentin E・  

COlihos亡S（6ん，6う）・   

To achieve highlevels of gene expressionin旦・エ望⊥主，  

itis necessary 亡O uSe nOt Only s亡rong promoters to  

generatelarge quanti仁ies of mRぬ，but also ribosome  

binding sites 亡O enSure 亡hat 亡he mRNAis efficiently  

transla亡ed．  

The efficiency of translation of an mRNA could be  

affec亡ed by several factors：l）the degree of  
COmplementari亡y be亡Ween the Shine－Dalgano（SD）sequence  

（66，67）and 亡he 3．end of the16 S rRNA；2）亡he spacing  

and possibly the RNA sequence lying be亡Ween the SD  

SequenCe and theini亡ia亡ion codon（AUG）（68－70）；and 3）the  

nucleotide sequences foll．owing the AUG（71）．   

These fac亡OrS muSt be op亡imized t0 0b亡ain efficienヒ  

production of unfused eukaryoヒic protein＄（72－74）（Fig．11－  

A）・ For example，the op亡imiza亡ion of the dis亡ance  

be亡Ween the bac亡erial SD sequence and 亡he ATG of 亡he  

eukaryotic gene may be achieved by the methods described  

in Rober亡S旦主旦ユ・（72）． Andif the DNA sequence to be  

expressed，1acks 亡he ATG codon，亡hen one mus亡be provided  

by chemical DNA synthesis（72，75），And the direc亡  

expression often resultsin produc亡ion of a protein  

bearing an additional methionine residue at its amino 

亡ermLnuS・  工t seemed to be a very critical and  
COmplica亡ed procedure．  
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A E3（PreSSion of unfused protein（direct expression）  

fore帽n gene  terminator  
promot即  Sロ  ノ汀G  

▲ 

↓transミrip；；云n  

↓ transtation  

desired protein  

Expression of fused protein  

灯6  fo「etgn gene  terminatar PrOl¶止訂  SO  

↓transcrip雨n  

↓trapslation  

Met  

fu＄ed proモein  

SPeCific proteoJysis  

desired protein  

ure ll  ExpTeSSion of forelgn geneSin E・COli・  
，PrOkaryotic sequence；秀行，eukaryo亡ic sequence；  

SD，Shine－Dalgarno sequence   

To avoid these problems， anOther expression sysヒem  

that亡he proteins are symthesized as a hybrid proteins  

has been developed（Fig・11－B）．A s仁rong promoter，the  
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ribosome binding site and 亡he par亡 Of coding sequence  

from highly expressed旦i9iigenes were placedin front  

● Of 亡he forelgn DNA sequences，and 亡he expected fusion  

PrO亡eins were produced a亡highlevels・Such a hybrid  

PrOteinis not sui亡able for functiona．lstudies or  

Clinicalusel Recen亡Iy，bowever，Nagaiand Thdgersen  

have divised a novelme亡hod of producing a hybrid  
protein from which the desired au亡hen亡ic sequence can be  

released by sequence－SpeCific pro亡e01ysis（76）．   

The author used similar s亡rategleS tO COnS亡ruct the  

expression plasmid tha亡 directs ヒhe synthesis of  

prorenin as a hybrid polypep亡ide fused to a Nt12－terminal  

portion of the trp E producヒ by inserting the cDNA  

VerSion of 亡he prorenin genein down stream of the trp  

promoter－OperatOr through 亡helinker which specifies the  

unique recognition sequence of blood coagulation factor 

Xa（FXa），i．e．Ile－Glu－Gly－Arg（76）． The essentialfeature  

Of this construction is thaヒ the complete prorenin  

SequenCe Can be excised from the fusion product by using  

FXa・The expec亡ed fusion protein was ob亡ained，purified，  

and cleaved with FXa． Theliberated prorenin can be  

readily ac亡ivated by limi亡ed pro亡eolysis．  The  

aLVailability of Large quan亡i亡ies of bac亡erially produced  

亡rypsin－aCtivatable prorenin willopen the way 亡O a  

・number of biochemicalexperiments aimed a亡 defining the  

properties，rOles，and activation mechanisms of plasma  

and renalprorenin（77）．  

ん5   



HATER工ALS ANDHETtlODS   

班a亡erials   

Some of the reagents are describedin亡he preceding  

Chapter（Chap亡er 工工）． 0亡her ma亡erials were ob亡ained as  

follows：trypSin－TPCK from Worthington Biochemicals  

（Freehold，NJ）；SOybean trypsininhibi亡Or from Miles  

Labora亡Ories（Elkhart，工N）；Ce11ulofine GCL－2000and egg  

Whitelysozyme from Seikagaku Kogyo（Tokyo，Japan）．Pure  

preparation of blood coagulation factor xa was kindly  

SupPlied by Dr・Sadaaki工wanaga（Kyushu University，  

Japan）（78）．  

Construction of Expression plastnid for tLuman Prorenin   

See Figure12・The plasmid，pKN205（79），Carrying the  

E．coli亡rp promo亡er was kind gifts from Dr．Tsutomu  

Masuda（Kikkoman Corpora亡ion，Japan）．   

Two complementary oligodeoxyribonucleotides，5’一dAGCTA－  

TCGAAGGCCGC and 5一－dGCGGCCTTCGAT，COding for the amino  

acid sequence工1e－Glu－Gly－Arg whichis cleavable by blood  

COagulation fac亡Or Xa（76），Were prePared on an automated  

DNA synthesizer（Applied Biosystems，mOde1380 A）  

according to the procedure recommended by the   

manufacturer．  

The plasmid containing the promoter of tryptophan  

operon of旦．s9ii，pKN205，WaS Cleaved with tlin d工工工 and  

Pst 工，and 亡he fragment containing the promoter was  

recovered・This fragment also contains trp L and the 5．   
reglOn Of trp E亡hat codes the N－termina17amino acids  

ん6   



メ
U
｛
ぷ
〕
 
p
J
l
O
S
 
U
ぷ
ト
 
．
粥
O
q
 
 

∽
仁
山
p
O
U
 
u
｛
u
巴
0
よ
．
p
－
臼
S
再
 
 

む
レ
再
 
∽
U
〕
｛
S
 
u
O
J
〕
U
J
レ
｝
∽
U
レ
 
〕
u
d
A
む
 
 

む
S
再
∈
再
〕
U
再
1
－
q
 
U
ぷ
】
 
∽
U
一
再
じ
 
 

冨
二
二
こ
ぎ
セ
：
ぢ
雲
じ
雲
 
 

．
p
ヱ
再
l
O
S
小
 
宅
蛮
蟄
ぷ
∵
ヱ
3
霊
u
“
S
き
○
ヒ
再
ヱ
q
コ
○
凸
 
 

．
 
 

ー  

包で占・J  

＝言  

＝至 ‾  

．  仁
O
J
∽
S
む
ト
d
囲
む
叫
○
仁
0
コ
リ
ヨ
ト
］
∽
已
d
U
・
N
l
巴
コ
地
震
 
 

≦
呂
じ
雲
量
∪
ゝ
s
 
 

q
ぷ
∽
 
心
霊
 
ト
q
 
p
U
］
u
む
由
U
ト
d
む
ト
 
U
ト
可
 
S
U
U
u
む
コ
b
冨
 
 
 

b8・J  
†－」  

q）  

トJ  巴
 
選
一
苫
 
S
u
＿
〕
霊
O
d
 
苫
】
 
エ
ロ
〇
 
．
む
仁
誌
 
 

ト1  

・
S
む
U
u
む
コ
b
U
S
 
Z
N
〔
出
国
d
 
s
】
u
む
∽
U
レ
d
む
レ
 
 

d
虻
 
 
レ
ヱ
○
∈
○
レ
d
 
d
レ
〕
 
U
ぷ
〕
 
S
〕
u
U
S
む
ト
d
む
レ
む
仁
“
l
 
 

ぴ  OL）  

空室巳望  

旨
く
 
 
 

空
亘
 
 

－
 
 

く
ロ
U
ト
ト
ロ
 
 

く
O
 
 

u
－
ロ
 
 

ー
 
 

】
む
≡
 
 

ニ
 
 
 

≡
P
童
＼
〓
∽
軋
 
 
 

山
．
】
 
O
L
 
 



Of anthranilate syn亡he亡ase plus Gln and Ala．A 5・  

fragment of the prorenin gene，COn亡aining nucleo亡ides6l－  

173，WaS eXCised from ptlRn321by仁reating with辿Ⅰ／皇望月  

工・The nucleotidesl－60whichis supposed to encode 亡he  

PreregLOn WaS remOVed・Similarly，a3－fragment of the  

gene was obtained as a旦望Ⅰ（nucleo亡ide number171）／塑土工  

（in 亡heβ－lactamase gene，Apr）fragment．The5．－and3l－  

fragments were recombined through亡he Ava工cohesive ends  

and ligated by using T4 DNA ligase. The expression 

Plasmid was cons亡ruc亡ed byliga亡ion of the reconstituted  

prorenin gene to the promo亡er fragmen亡 through the  

Synthetic 01igonucleotides．  

Escherichia coli HBlOl was transformed and amplCillin－  

resistant clones were selected by the method of Morrison   

（29）．  

Recombinant plasmids from the selected colonies were  

PrePared，digested wi亡h various restric亡ion enzymeS，and  

electorophoresed in agarose and polyacrylamide gels to  

confirm the structure．These procedures are describedin  

Chap亡er 工工・TheI）NA sequence of the］unCtion between trp  

promoter and renin cDNA of ptlRn32lwas deternined by the  

method of Sanger 雲上旦主・（80，81）・  

班edia and GrovttlCondition   

Bacterialtransformants were grownin Luria－Bertani  

Mediun（l冤Bactor亡rypton，0・5冤Bacto－yeaSt eX亡ract・0・5  

冤NaCl，0・l冤glucose）withlOOpgampicillinperml・A  

l：100dilu亡ion of the overnight cul亡t！re WaS madeinto t19－  
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GC mediumlacking tryp亡OPhan and containing perli亡er：  

5・9g Na2HPO4・1・2g Kt12PO4，2g NaCl，0・4g NH4Cl，4g  

glucose，10 mg gelatin，14・7 mg CaC12－2t120，95・2 mg  

MgC12，0・27 mg FeC13－6t120，5 g Casamino acids（Difco  

Laboratories，De亡roit M工），andlmg apmicillin．Cells   

were grown a亡37 OC to OD600＝0・3・Expression from the  

trp promoter wasinduced by adding 3－β－indole acrylic   

acid（工AA）to20yg／mlandincuba亡ion continued for an  

addl亡iona120 br．   

Analysis of Protein Expressedin帥ぷ止土   

The bac亡erialcells were suspendedin 50 mM Tris一且Cl，  

p且8・0，10mM EDTA andlysed O・5mg of egg whitelysozyme  

per ml．After successiveincubation at 25 0C for 30min  

and at O OC for 90min（82），Samples were sonica亡ed（200W  

forlO min）and centrifuged forlO min at4，200Ⅹ旦tO  

preclpL亡a亡e inclusion body・ Aliquo亡S Of each  
supema亡aLntS and pellets were analyzed on a pair of12・5  

冤SI）S－pOlyacrylamide gels（25）．After elec亡rophoresis，  

one of the gels was s亡ained with Coomassie brillian亡blue  

R－250，and 亡he o亡her was subjec亡ed to electroblotting  

on亡O a nitrocellulose filter． An anti－human renin   

an亡ibody（2互）and 工MMUN－BLOT ASSAY kits（Bio－Rad）were  

used for theimmunologlCaldetection of prorenin by  

protein blo亡ting（83）・  

RenaturatiotlOf the tlybrid Protein Producedin an  

工nsoluble For皿in Escherichia coli  

Theinclusion body pelleted bylow speed centrifugation  
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WaS dissolvedin6M guanidine－tlCl，50mM Tris－HCl，Pt1  

8・0，and fractionated by gelfiltration chromatography  

OVer a Ce11ulofine GCL－2000column（1．5Ⅹ90cm）in the  

Same buffer・The fractions（1mleach）were dialyzed  

against8 M urea，20mM Tris一且Cl，Pt18・0，and aliquots of  

each fraction were analyzed on SDS－pOlyacrylamide gels・  

The fraction containing fusion protein were pooled and  

used as the starting material for renatura亡ion of   

prorenin．   

Conditions for renaturation were determined according  

亡O the procedure of Kawaguchi呈上旦土．（8互）．The fractions  

COntaining fusion protein were diluted to about120yg／ml  

with 亡he urea buffer after adjusting O－2 M NaCI  

concentra亡1On． The samples were dialyzed against 20mM  

Tris－tlCl，pt18・0，at rOOm temperature・The same samples  

used abovein8 M urea，20mM Tris－tlCl，Pt18・0，1M NaCI  

were adjus亡ed 亡O pt16－12withlN且ClorlN NaOtland  

dialyzed against the same ptlbuffer for6hr a・nd then  

against 20 mM Tris－tlCl，pt18・0，0Vernight at room  

temperature・  

Excision ofAnthentic Prorenin from the甘ybrid Protein   

proreninwas cleaved out from the solubili乙ed fusion  

pro亡ein u亭ing blood coagulation factor Xa（FXa）as  

follows．A200Jlg Of the hybrid9rOtein wasincubatedin  

a mixture（1ml）containing50mM Tris一且Cl，Pt17・5，10mM  

CaC12，and10pgofFXaat370Cfor2hr・Thereaction  

was terminatedbyheatingat100OCfor5minina sample  
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buffer（25）・Gelelectrophoresiswascarriedoutusing  

the20cmlong model・After electrophoresis，gelwas  

Stained with Coomassie brilliant blue R－250．  

Activa亡ion of the Prorenin producedinEscherichia coli 「   

Trypsinactivationwas carriedou亡byaddinglOplof  
appropriate concentration of trypsin solutionin亡O a tube  

COntaining90Jllof samplein20mM Tris－tlCl，PH8・O and  

lmg bovine serumalbumin per ml．Afterincubation for  

lO min a亡んOC，亡rypsinwas neu亡ralizedwi亡hlOJllof20  

mg／mlsoybean亡rypsininhibi亡Or SOlu亡ion・Renin activi亡y  

WaS de亡ermined by 亡he radioimmunOaSSay Of anglO亡ensin 工  

generated during the incubation of 亡rypsin trea亡ed  

Samples with hog substrate forlhr at37 OC（85）．   

True renin activity was estimated by the extent of  

SuPpreSSion of renin activity by pepsta亡in and anti－renin  

antibody． エnhibi仁ion of renin activity bylOll班  

pepstatin and rabbit anti－human renin antiserum diluted  

to l：100 was measured according to the standar   

me亡hods（86－88）．   

工nhibition of trypsin activation with the prosequence－  

specific anti－Pro 3antibody（56）was carried ou亡 as  

f。110WS． The reaction mixture was adjusted to volume of  

175Jllcontaining20mMTris－tlCl，Pt18・0】0・5M NaCl，0・3冤  

BSA，and6pg of prorenin・Afterl・6plofrabbitantト  

pro－3antiserum was added，the solution wasincubated  

overnight at 4 0C・The trypsin treatment and the  

measurmen亡 Of renin activity was performed as described  
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above．  

Protein concen仁ration was es亡ima亡ed from sample  

absorbances assuming 亡hatlabsorbance unit at 280 nmis  

lmg protein／ml・Forins01uble samples，the buiret  

method（89）was used with bovine serum albumin as the   

s亡andard．  
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RESロLTS  

Construction of a Plasmid for Expression of flu皿an  

Prorenin in Escbericbia coli   

工n order 亡O prOduce human PrOreninin旦如s9ii，  

an expression plasmid，named pTR501，WaS COnS亡ruc亡ed  

（Fig．12）．pTR50lwas deslgned 亡O a1low syn亡hesis of a  

Chimeric pro亡ein comprising亡he NtI2一亡erminalreglOn Of  

anthranilate synthe亡ase，亡rp E gene produc亡，and  

prorenin． To releaseintact prorenin from the fused  

protein，a Pair of complementary oligonucleotides 亡ha亡  

COdes 工1e－Glu－Gly－Arg for which factor Xais specific was  

synthesized andinserted between the亡rp E and prorenin  

genes atcording to亡he procedure of Nagaiand Th声gerSen  

（76）．Expression of the hybrid gene carried on plasmid  

pTR501 is under control of the trp promoter and 

stimula亡ed by aninducer such as3－β－indole acrylic acid・  

introduced into Escherichia coli  Tbe plasmid pTR501was  

tlBlOlby 仁ransforma亡ion．Transforman亡S Were Selected for  

amplCi11in resistance・Clones expressing buman prorenin  

wereiden亡ified byimmunobloヒanalysis of 亡heir extracts・  

The plasmid DNAs were isolated from these bacterial 

ce11s，their restriction maps and DNA sequence of the  

JunCtion area between the promoter and renin cDNA were  

verified 亡O have the exact nature of the construction．A   

represen亡a亡ive cIone was selec亡ed for further study・  
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Pて0て・eninin Escbeてicbia coliandi亡S  Expression of tbe  

工dentifica亡ion   

Cells containing pTR501expressed a new pro亡ein with an  

apparent Mr of ん3，500which was dras亡icallyinduced with  

工AA as theinduction timeincreased．This pro亡ein was   

not present in control cells carrying pHRn321 and pTRSO1 

withoutinduction，and specifica11y recognized with an  

anti－human renin antibody（Fig．13）．To facilitatelarge  

scale purification of 亡he newly syn亡hesi乙ed pro亡ein，  

optimal conditions for its production were examined. 

Op亡imalinductions were observed when工AA was added after  

a3－hr preincuba亡ion（OD 600 ＝ 0．3，earlylogari亡hmic  

phase）a亡COnCentration of20Jlg／ml・The relative amount  

Of the desired product（a hybrid of the 三三里旦gene  

product and human prorenin which are connected through  

the FXa recognition sequence）continued亡Oincrease for  

atleas亡SeVeralhours and maximum yields was obtained by  

overnight culture・Under these op亡imized conditions，  

1evels of expression，aS determined by densi亡Ometry Of  

the Coomassie blue－S亡ained SDS－POlyacrylamide gel  

electrophoresis profiles，amOunted 亡O aS muCh as 30 冤 of  

total E．⊆J止上 pro亡ein・ After ce111ysis and  

fractionation by centrifugation，almost allof the fusion  

PrOduc亡WaS reCOVered asinclusion bodyi，n theinsoluble  

membrane fraction which could be clearly observed by an  

electron microscopy（Fig．1年）．  
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Figure13・SI）S－pOlyacryla皿ide gelelectrophoresis and  
i皿unOblot analysis of the hybrid proteitlSymthesizedin  
E．coli．旦LiaiitlBlOIcon亡aining pTR501（1anes卜4）or  
ptlRn321（1anes5－7）were grown underinducing condi亡ion  
（20Jユg／ml工AA）． These bacterialcells werelysed by  
lysozyme treatment followed by sonication・The samples  
were analy乙ed・On a Pair of12・5 冤 SDS－pOlyacrylamide  
gels・After elec仁rophoresis）One Of the gels was stained  
With Coomassie brilliant blue R－250（A），チnd亡he other  
was subjec亡ed to electroblo亡ting onto a nltrOCellulose  
ti 

． 

亡Otalproteins were dividedinto soluble fraction and  
insoluble fraction by centrifugation at40，000Ⅹg for30  
mln．Lane2 and6 showinsoluble proteins．Lan占‾3and7  
show soluble pro亡eins・Lane 互 showsinsoluble proteins  
Sedimene 

h 
C・ 

2， 
（ん5，000），Carbonic anhydrase（31，000），SOybean 亡rypsln  
inhibitor（21，500）andlysozyme（14，互00）・  
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ptIRn321・ The photographs were kindly provided by Dr．  

Yasuo Uchiyama，工nstitu亡e of Basic MedicalSciences，  
Un土versi亡y of Tsukuba．  
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Excision of Authentic prorenin from the甘ybrid Protein   

The hybrid human prorenin syn亡hesizedin E．colit柑101  

transformed with pTR50lwas purified by gelfil亡ration  

for further characteriza亡ion． 工nclusion bodies were  

firstisolated bylow－Speed centrifuga亡ion and dissolved  

in 6 M guanidine－tlCl・The solubilized pro亡eins were  

then chromatographed on Cellulofine GCL－2000in the  

PreSenCe Of 6 M guanidine一且Cland the frac亡ions were  

dialyzed against 8 M urea，20mM Tris一且Cl，pn8．0，and  

those containing the chimeric protein were pooled． SDS－  

POlyacrylamide gel electrophresis analysis of the  

Cellulofine eluate indicated that a high degree of purity 

（＞95 冤）was already obtained（Fig．15）．   

The next step was to renature the unfolded prorenin by  

gradually removing urea by dialysis・ The efficiency of  

this renaturation process may be governed by such factors 

as ptlandionic strength（84）・Therefore，the effec亡S Of  

ptland salt concentration on亡he refolding of prorenin  

polypeptide chain wereinvestlgated・As shownin Figure  

16，the renaturation of prorenin was highly dependent on  

ionic strength and ptl：the maximalrena亡uration，aS  

monitored byits trypsin activatabilityIOCCurred between  

O．8andl．O M NaCl；the restoration of conformation or  

conformations close 亡O native structure occurred  
optimally between pH 9.5 and 10.0 in the presence of 1.OM 

NaCl．  Accordingly，the purified materialin8M urea，  

20mM Tris一且Cl，PtI8．0，includingl・O M NaCIwas adjusted  
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Figure15・Purification of the hybrid protein by gelfiltration  
in6二虻guapidine一且Clon Cellulofine GCL－2000・The samples of  
each fractlOn Were dialyzed agaJnst8M urea，20mM Tris－tlCl，Pt1  
8・O and aliquots of each fractlrOn Were analy乙ed on a12．5冤SDS－  
polyacrylamide gelwithout reduction．Fractionindicated by  
bracke亡 Were pOOled for renaturation s亡ep  モ叫，SDS一  
polyacrylamide gel  
（fraction number 61）   

electrophoresis of the hybr  d pro亡ein   
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to ptllO．O and亡hen dialyzed agains仁20mM Tris一且Cl，ptl  

lO．O buffer．  

From亡he dialyzed hybrid protein，authentic prorenin  

was liberated using the highly specific proteinase  

FXa（90）（Fig，17）．The si21e Of this finalproduct was  

exactly that expected for nonglycosylated human prorenin   

（Cbap亡er 工工）．  

Ac亡ivation of ProTenin  

The prorenin producedin E．coliwas examined for renin  

activity after trypsin trea亡ment．These proteins were  

inactive without 亡rypsin 亡rea亡ment but convertedinto  

active form when these were treaヒed with the en21yme．  

Maximum activation was achieved wi亡h O・9pg of trypsin  

perlpg of the proteins at ん QC forlO minin the  
presence of O．1％ of BSA（Fig．18）． Aヒ higher  

COnCentrations of trypsin，however，renin activity  

gradua11y declined probably because of further  

proteolytic degradation of the activated renin・   

The activi亡y of trypsin－trea亡ed renin，meaSured byits  

abili亡y to genera亡e anglOtenSinIfrom 亡he pro亡ein  

Substrate anglOtenSinogen，WaS COpmletelyinhibited by  

lOJIM of pepsta亡in orl：100 diluted anti－human renin  

an亡iserum（ア土g．18）．   

Activation of prorenin wi亡h trypsin was completely  

protected by prosequence－SPeCific an亡i－Pro3antibody・  

This property of 亡he renin precursor was very similar to  

that of plasmainactive renin（56）．  
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Figure17・ Cleavage of tlybrid proteitlSymthesizedin E．  

三旦上土Vittlfactor Xa・The hybridprotein renatured a亡ヒhe OpO亡1malcondition as describedin Figure16was cleaved  

With blood coagula亡ion factor Xa． The product was  
analyzed by electrophoresis on alO 完 SI）S－pOlyacylamide  
gel・ Lanel，hybrid protein（Mr ＝≡ 43，500）；1ane 2，  

Cleaved product（Mr ＝ ん2，500）・M0lecular weight markers  

Were OValbumin（互5，000），Pature renin synthesi乙edin旦・  
旦⊆止主（37，200），and carbonlC anhydrase（31，000）．  
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PrOrenin after trypsin treat皿ent atlditsinhibition by  
antiTてenin a？tibody and pepstatin・Alllg Sa叩1e of亡he  
hybrid protein renatured at the optimalrcondition  （下1  g  
16），WaS diges亡ed at ∠1QC with appropriate quantity of  
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 ，pt18．0，and O．1冤 BSA． Af亡erlO min，the  l
 
 

On WaS terminated withlOJllof soybean trypsin  d
・
工
 
 

r（20 mg／ml）・ Renin activity（○－－－・一つ）was  0
 
 

亡
 
 deter？ined竺S preViously de苧Cribed（85）・工nhibition of  

trypsln－aCtlVated renin actlVity by rabbi亡 anti－human  
renin an亡iserum diluted tol‥100 （－・→）andlOJIM  
PepStatin（▲－▲）was measured according to the standard  
me亡bods（86－88）．  
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D工SCUSS工ON  

tluman prorenin was synthesized withll extra amino  

acids in its amino terminus in Escherichia coli Carrylng  

the pTR501・Thelevelof expression amounted to as much  

as30冤of ce11ular protein．  

tlowever，One prOblem remainded；the product was not  

SOluble without strong denaturing agents such as urea and  

guanidine hydrochloride・Recen亡Iy，i亡has been clarified  

that a large quantity of heterologous proteins  

Synthesi21edin E・COlifrequently preclpltatedinside the  

Cellasinclusion bodies・ Theinclusion body，also  

Ca11ed11crys亡alline protein－t or 一一protein encasedin  

Stainless s仁eelballs■’，WaS Observedin many旦．三旦ユÅ  
Cellsin which alarge amoun亡 Of mammalian pro亡eins was  

produced by genetic engineering（91）． The mechanisms of  

formation of suchlarge aggregates are unknown； CrOSS－  

1inking byinappropriate disulfide bondsis suspec亡edin  

SOme CaSeS〉 but，atleas仁in the prese草亡CaSe，it does  

not seem responsible since SDS－pOlyacrylamide gel  

electrophoresis under nonreducing conditions revealed no  

oligomeric forms of prorenin. Although an advantage is 

亡hat the aggregated pro亡eins are protected from rapid  

proteoly亡ic degradationin旦．望出土，aCCumuLation of the  

plasmid－enCOded proteinin a sedimentary form poses  

SOlubilization and renaturation problems．   

Theinsoluble protein was dissoIvedin 6 M guanidine－  
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ttcl，and then dialyzed against8M urea，a mOre Weakly  

dena亡uring medium・To renature the unfolded prorenin）  

urea was removed under conditions for protein folding・  

tlowever，itis very difficult to estimate 亡he refolding  

efficiency of 亡he dena亡ured prorenin because thereis  

neither・pure Standard preparations of prorenin nor tbe  

human renin without carbohydrates residues which may  

effect its specific activity． Moreover，the amino  

terminalof authentic human prorenin has no亡 been  
experimenヒa11y de亡ermined（58，60），and the E・COlト  

produced prorenin might differ sligh亡Iy from authen亡ic  

prorenin（60）．   

So，if i亡 assumed 亡ha亡 the bac亡erially produced－  

prorenin was properly ac亡iva亡ed by trypsin and its  

maximum specific ac亡ivi亡y was 20mg AngiotensinI／mg  

protein／hr（6），the highest specific activity of pure  

human kidney renin con亡aining carbohydrate residue，the  

procedure employed here resulted in only a small 

percentage（く1．0 冤）of recovery of renin activity・Thel冤  

recovery of renin activi亡y meanS Onlyl冤of 亡he molecule  

islOO冤active？r thatlOO完of themolecule has onlyl  

冤 activity． To clarify this point，the aLC亡ivated  

prorenin preparation was applied on pepsta亡in－  
aminohexylagarose（92）whictlCOuld only absoTb active  

renln． Most proteins of the activated prorenin  

preparation passed through the pepstatin column and the  

very small percentage of the protein containing most of 
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renin activity was absorbed and eluted from the column by  

O．15M Tris buffer，pt17．5 as observedin au亡hentic human   

kidney renin（6）． This resul仁indica亡es 亡hat 亡he very  

small portion of the renatured prorenin molecule has the 

Same 亡ertiary structure as au亡hentic prorenin，but the  

most of the other moleculeis a denaヒured product  
althoughi亡has亡he same primary structure as authentic  

prorenin． Thisis mos亡 probably due 亡O the difficult  

processin refolding of the denatured prorenin． This  

problemis commonin almost a11genetica11y englneered  

mammalian proteinin旦．旦旦主上（91）．Therefore al亡erna亡ive  

expression sys亡em，SuCh as extracellular secre亡ion  

SyS亡ems，may be developed for production of human renin  

in the future．  

Although the rena亡uration problem remains to be solved  

in future，亡he E．頭上－PrOduced，guanidine－tlCl－  

SOlubilized and renatured prorenin can be used：1）as a  

powerfultoolfor s亡udying the detailed mechanisms of  

activation；2）as substrate for searching as－yet－  

uniden亡ified ac亡ivator（s）of prorenin；3）to examine   

Whe亡her prorenin can be activa亡ed by kallikrein（互9，50，54）  

Or reninitself（93，9ん）as already suggested；and ∠り to  

raise prorenin－SpeCific monoclonalantibodies for  

diagnostic purposes・ Becausei亡S prOper亡ies closely  

resemble those reported for natura11y occurring  

prorenin（49，55，95）in：i）molecular weigh仁（Fig．17）；ii）  

ac亡iva亡abili亡y with 亡てypSin（Flg．18）；iii）cTO＄S－  
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reactivi亡ies with an an亡i－human renin an亡ibody（Fig．13）；  

iv）inhibi亡ion of their trypsin action with 亡he  

prosequence－SpeCific anti－Pro 3 antibody；and v）  

inhibition of 亡rypsin－aCtivated renin ac亡ivity with  

pepstatin or anti－mature human renin antibody（Fig・18）・   

Most of the previous studies concerning prorenin have 

been carried out with whole plasma or crude kidney   

extracts． Such complex systems render the  

interpretations of the experimentalresults亡en亡ative・  

工亡is expected 亡hat high－level expression of human  

proreninin E・C01iachievedin the presen亡Study wi11   

bring a break亡hroughin the studies of prorenin which  

have been hampered byits ex亡remelylow concentration  

bothin the kidney andin the plasma，and unravelthe  

physiologlCal and pa亡hologLCal slgnificance of  
C土rcula亡ing pTOてenin・  
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Cbapter工Ⅴ．Conclusion   

The renin－anglOtenSin system plays animportan亡rolein  

the regula亡ion of blood pressure and electrolyte balance・  

Activation of the sys亡emisinitiated by the release of  

the enzyme renin from the kidneyin亡O the bloods亡ream，  

whereit acts onits substrate to produce anglOtenSin 工・  

Although renalrenins wereisola亡ed from many sources  

including human kidney，their extremelylow concentraヒion  

in kidneys prevented their purification in amounts to 

determine 亡he complete amino acid sequence and亡O Clarify  

the nature of their catalytic mechanisms and processing・  

To circumvent these problem，attemp亡S Were made（i）to  

obtain fu11－1ength cDNA clones for human renin from poly  

（A）＋RNA ex亡racted from kidney，and（ii）to produce human  

in quantities sufficient for  in Escherichia coli  prOrenln  

its biochemical charac亡erization and clarification of the   

activation mechanism．   

Ⅱ01ecular CloniTlg and SequenceAnalysis of cDNA for甘uman  

Renin pTeCurSOT  

The primary structure of human renin precursor was  

deduced fromits cDNA sequence．The predicted sequence  

consists of ん06 amino acids（Mr ＝ 45，057）wi亡h a pre－ and  

a prosegment carrylng 20 and 46 amino acids，  

respectively. The molecular weight of mature human renin 

was calculated at a37，236without carbohydrate residues．  

A high degree of sequence homoIogy，eSpeCiallyin the  

Ca亡alyticallyimportan亡 reglOn SuCh as Phe－Asp－Thr－Gly－  
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Ser（residues 37－41）and Val－Asp－Thr－Gly（residues 225－  
228），WaS found upon comparison of the mouse and human  

renlnS・  An overallhomology，including presequence  

between亡he亡WO renins）is68・7完・Thema］Or StruC亡ural ●   

difference distinguishing the two renins was the presence  

of the two possible glycosylation sites in human kidney 

renin，Which was no亡 Observedin mouse submandibular  

gland renin．Close similarities were also observedin  

the primary structure of renins and other aspartyl  

proteinases with defined three－dimensionalstructure，  

SuggeS亡ing a tertiary structure for renin thatis similar   

to 亡he o亡her enzymes．  

of 甘uman Prorenin Genein Escherichia coli  Expression  

The DNA sequence encoding human prorenin was placed  

under the control of the Escherichia coli  望ヱ prOmO亡er‾  

OperatOrin the expression plasmid pTR50l．E．colicells  

COn亡aining pTR50lsynthesized highlevels（30 冤of total  

Cellpro亡ein）of prorenin as part of a hybrid protein  

Wi亡h 亡he望ヱ旦gene product and亡he unlque reCOgnition  

SequenCe Of blood coagula亡ion factor Xa，工1e－Glu－Gly－Arg・  

The essen亡ialfeature of this cons仁ructionis that the  

complete prorenin sequence can be excised from the fusion  

product by using faCtOr Xa・The expected fusion protein  

was obtained，purified，and cleaved with the factor Xa・  

tluman prorenin thus ob亡ained showed close similarities  

to naturally occurring prorenininits biochemical and  

immunochemical properties such as：i）molecular  
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WeLght  without  carbohydrate residues；  

ii）activatability with trypsin；iii）cross－reaC亡ivities  

With an an亡i－human renin antibody；iv）inhibition of  

their 亡rypsin action with the prosequence－SPeCific an亡i－  

Pro3 antibody；and v）inhibi亡ion of trypsin activated  

renin activity with pepsta亡in or an亡i－mature human renin  

an亡1body．  
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