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CHAPTER ＝．工NTRODUCT工ON  

Renin（EC 3．4．99。19）is a carboxylprotease 七ha七Plays   

a centralr01e in bl00d pressure regula七ion and sodium－   

PO七assium homeos七asis．In1898，Tigerst・edt and Bergman   

firs七 recognized the existence of 七he enzymein a renal   

extrac七（1），and subsequen七Iyit has been studied by   

manyinves七iga七OrS．  

Renalreninis syn七hesized and s七oredin 七heJuXta－   

glomerular cells of kidney andis secretedin七0 七he bl00d   

s七reamin response 七0Various physi0loglCalstimulifrom the   

kidney・Renin ca七alyzes the first s七ep of the renin  
1  2   3   4   5   8   丁   8   9  10 11 12 13 14  

angio七ensin system（Fig・   

1）．The enzyme released   

into 七he circulation   

SPli七S the decapep七ide†   

angio七ensinI，七hrough   

Cleavage of 七he dipep七ide   

leucylqleucine from 七he  

（▲n9lot●n＄ln09●n）  
いENIN  

（An010t●昭Inl）  COl疇VEれTING  
E一三Y■l亡  

（▲叩ht●n▲h‖l）  Al刑NO一  

円：■TID鳩   

（Anglot…ln＝）  

N－terminus of anglO一  

七ensinogen whichis  Fig・1REN＝N－ANGIOTENSZN SYSTEM  

Synthesizedin 七heliver  

and secre七ed from the 七issue・Angio七ensinIIWhich has no  

physio10glCalac七ion ofi七S OWn，is conver七edinto the  
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OCtaPePtide）angiotensinII】by a carboxydipep七idase called   

COnVerting enzyme or kininase 工工，Which removes the   

dipep七ide his七idyl－1eucine from the C－terminus of anglO一   

七ensinI・Angio七ensinIIeleva七es bl00d pressure directly   

七hroughits myo七ropic action which causes vasoconstriction   

Of vascular smooth muscle cells・Angio七ensin工＝is one of   

the mos七 PO七ent bl00d pressor substances． On the other   

hand，the kallikr．ein－kinin system comprises a vasodepression   

SyStem tO COun七eract renin－angiotensin sys七em effects on a   

VaSOPreSSion．Recently，it has been repor七ed 七ha七 ka11ikrein   

might catalyze the production of renin from prorenin，a   

PreCurSOr Of renin（2）．These results sugges七 that 七he   

VaSOPreSSion sys七em，and renin ac七ivityin particular，may   

be contr01led by the vasodepression sys七em．  

工n1953，Haas et al．（3）partially purified renin   

from hog kidneylaboriously using fracti－OnalprecIPita七ion   

me七hods．However，Pure renin was difficul七 to ob七ain，   

because the concentra七ion of 七he enzymein the tissue was   

ex七remelylow，and 七he par七ially purified renin waslabile   

for 七he contamination of other proteases．Recen七Iy，SeVeral   

SPeCialtechniques have been devised and applied for   

Purification of the enzyme・In1975IMurakamiandInagami   

Purified renincomple七elyfrom hog kidney by a combina七ion of   

affinity chromatography on a peps七a七in－aminohexyl－agarOSe  
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COlumn and conven七ionalmethods（4）．They charac七erized七he  

enzyme as f0110WS：1）七he molecular weight determined by a  

Sedimen七ation equilibrium method was 36，400；2）isoelec七ric  

POint was 5。2；and3）i七WaS a glycopro七ein containing  

glucosamine（4）。The affini七y c01umn was a usefult001for   

Purifica七ion of renin・SubsequentlyIthe enzyme has been  

is01a七ed from hog（4，5），ra七（6），dog（7）and human（8，9）   

kidneys by the combina七ion me七hod．However，七hese renins   

Were nOt aVailablein sufficien七 quan七i七ies for fullcharac一   

七erization，SuCh as determination of the active si七e and the   

amino acid sequence．  

Ex七rarenal renin has been also studied in 七he sub－   

maxillary gland，Placenta，amnio七ic fluid and brain（10，11）．   

Submaxi11ary gland renin has10ng been researchedin de七ail・   

Werle e七 al．found a verylarge amoun七 Of renin－1ike   

Substancein 七he submaxi11ary gland of adult albino male   

micein1957（12）． However，the physio10glCalfunc七ion of   

the enzymeis no七yet known・The submaxillary gland of   

albino adul七 mouse con七ained more reninin male thanin  

female（13，14）． The●adminis七ration of七es七OS七erone七O  

a female mouseincreased 七he renin content of 七he 七issue，   

while cas七ra七ion of 七he male mouse decreasedi七S COnten七   

（14）．The submaxi11ary gland renin was reieasedin signi－  

ficant amoun七Sin七○ 七he bl00d s七r・eamin the course of  
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aggrega七ion or previous con七act with other mice（15）。A   

remarkableincreasein renin ac七ivity of the submaxillary   

gland with age was repor七edin male mice，but notin female   

mice（16）・These resul七Sindica七e七hat renin biosynthesisis   

effected by androgenin 七he tissue of the albino mouse。  

A mouse has three pairs of salivary glands：七he   

ParO七id，Submaxillary and sublingualglands（Fig．2）．The  

Submaxillary glandslie   

beneath the lowerJaW，   

and have an oval shape．   

The 七issue includes   

diges七ive enzymes   

（amylase，PrOteaSe），   

androgenic hormones   

（nerve gヱ、OW七h fac七or，   

epidermalgrowth fac七or，   

etc．），homeos七a七ive  

Fig．2 LOCATION OF THE MOUSE  

SALエVARY GLAⅣD  

enzyme（renin，kallikrein，   

e七c．）． Figure 3 shows 七he s七ruc七ure of 七he mouse submaxi－   

11ary gland．．The tissue consists of 七he acinus and 七hree   

duc七S：thein七ercalated，Striated andin七erlobular duc七．   

Amylase and kallikrein are synthesizedin 七he acinus cell   

and secretedin七○ 七he duc七S・ Reninis syn七hesizedin 七he  
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COnVOlu七ed granular   

Cell which is 七he   

differen七ial part of   

七he s七riated duct，   

and was released  

in七○ 七he duc七S With   

saliva（ex七ernal   

secretion sys七em）   

and／orinto the   

Circulation through   

七he venous capi11ary   

tube（thein七ernal   

SeCretion sys七em）．  Saliva   

Fig．3  STRUCTURE OF THE MOUSE  

SUBMAXILLARY GLAND  

工n1972，Cohen e七 al．purified renin from 七he sub－   

maxillary gland of an albino male mouse by the five s七eps of   

the conven七ionalpro七ein fractiona七ion technique・The final   

Purified renins were classifiedin七o renin－A，－B，－C，－D and   

－E．Allof 七heir m01ecular weigh七S Were Similar（36，000－   

37，000），al七hough 七heisoelectric points were sligh七Iy   

differen七（5．4－5．7）．Renin A was a main component；renin A   

and C produced a charac七eristic pr0longed pressor response   

Similar to 七ha七 PrOduced by renalreninIWhen each of them   

WaSinjectedin七O nePhrectomized ra七s（13）．  

－ 5 －   



The availability of pure mouse submaxillary gland renin   

madei七 POSSible to study 七he renin m01eculein de七ail．   

For example，（i）direct radioimmunoassay of renin was   

established，SO renin conten七S COuld be de七erminedin   

Various mouse organs（14）；（ii）the active si七e of 七he   

enzyme was revealed 七o be similar to tha七 Of pepsin（17）；   

and（iii）submaxi11ary gland renin was demons七ra七ed 七o be   

Syn七hesized as 50，000 dalton prepproreninin cell－free   

tr・anSlation system（18）。  

ヱn recen七 years，Various forms of renin have been   

Observedin 七he kidney and plasma（2）．工n1974，Boyd   

demonstrated a high m01ecular weigh七 renin（Mr＝60，000）in   

hog r、enalex七rac七s（19），Which was regarded as a pro七ein－   

bound form composed of normalrenin（Mr＝40，000）and a   

binding pro七ein． The nex七 year，Leckie and McConnellalso   

Showed a high molecular weigh七 reninin the rabbi七 kidney   

（Mr＝50，000），and moreover suggested that a renin－binding   

PrOtein was anintrinsic renininhibi七Or（20）．Since bo七h   

S七udies，a high m01ecular weigh七 renin orits binding   

PrO七ein has been studiedin the kidney and some organs by   

manyinvestigators（2）．  

－ 6 －   



The f01lowing questions have been posed by various   

investiga七OrS regarding a high molecular weight renin or a   

renin－binding protein・ Does a renin－binding pro七ein play an   

important r01e in the cel10r after releasein七o the b100d   

Stream？Are renin andi七S binding pro七ein synthesized   

Sequen七ially or are genes of these proteins cross－1inked？   

The author tried 七O uSe 七WO differen七 kinds of animals   

usefulfor examina七ion of such problems．One was a stroke－   

PrOne SPOn七aneously hypertensive ra七（SHRSP）．The rat   

released alarge amoun七 of renininto the b100d from 七he  

kidney at a malignant hypertensive st 

an albino male mouse（JCL－ICR）．The mouse syn七hesizes an   

abnormallylarge amoun七 Of reninin the submaxillary gland，   

althoughits physi010gicalroleis no七 ye七 known・工n the   

PreSent thesisIthe au七hor a七temp七ed 七O anSWer 七he above   

questions by s七udying renin and a high m01ecular weigh七   

renin biochemicallyin 七he bl00d and kidney of SHRSP andin   

the submaxillary gland ofJCL一工CR mouse・  

ー 7 －   



CHAPTER 工I．A H工GH MOLECULAR WE＝GHT REN工N IN STROKE－PRONE  

SPONTANEOUSLY HYPERTENS＝VE RAT  

1．SUMMARY  

The maJOr form of reninin the plasma of the malignan七   

Phase of the stroke－PrOne SPOn七aneously hypertensive  

ra七（SHRSP）was a high molecular weigh七renin（Mr＝56，000土  

2，000，majorisoelec七ric poin七（p工）＝5．7土0．08）instead of   

normalcirculating renin of10W mOlecular weigh七 form   

（Mr＝42，000土2，000）．  

A high m01ecular weigh七 renin（Mr＝52，000土3，600 and   

PI＝5．6土0．07）was also de七ec七edin kidney ex七rac七S Of   

SHRSP and con七roIWis七ar Kyo七o s七rain of ra七s during all   

StageS Of theirlives．However，七here was no differencein   

七he m01ecular weigh七 andin the p工 value of high molecular   

Weight reninin the kidney ex七rac七 between Wis七ar Kyo七O ratS   

and SHRSP．M01ecular proper七ies of high m01ecular weigh七   

reninin the kidney extracts were very similar 七0 七hose of   

high m01ecular weight reninin the plasma of 七he malignan七   

Phase of SHRSP．  

Besides high molecular weight renin，alow molecular   

Weight renin（Mr＝35，600土 2，900 and major p工value＝ 5・15土   

0．05）was als0 0bservedin kidney extrac七S Of Wistar Kyoto   

rats and SHRSP during allstages of七heirlivesIandi七S  

ー 8 一   



m01ecular properties were simila工、to 七hosein their plasma・   

Therefore，a Clear molecular shift of renin was observedin   

the plasma of 七he malignant pha．se of SHRSP，but no七in thei   

kidney extrac七S．  

2．工NでRO上）UCT工ON  

Renin（EC 3。4．99．19）is an aCid pro七ease which plays   

a key r01ein bl00d pressure regula七ion andin certain 七ypes   

Of hypertension by ca七aLyzing the first s七ep of 七he renin－   

angio七ensin－aldos七erone cascade。  

＝n1963，Okamo七O and Aoki（23）developed a c010ny Of 七he   

SPOntaneOuSly hyper七ensive rats（SHR）by selec七iveinbreeding   

Of Wis七ar Kyoto ra七S． The plasma r・eninlevelof SHR has   

been shown to be comparable to，Or Slightlylower 七han 七ha七   

Of 七he normotensive Wistar Kyo七O ra七S during alls七ages of   

● 七heirlives．Therefore，the role of plasma reninin 七he SHR   

has been considered to be minimal．On the o七her hand，in   

the s七roke－PrOne Subs七rain of SHR（stroke－PrOne SPOntaneOuSly   

hypertensive rats：SHRSP）deve10Ped by Okamo七O et al．（21），   

hyper七ension manifestsitselfin七WO discre七e stage（24，25）．  

Theini七ialstage of七he S＝RSPis similar七○七hat of SHR wi七h   

a normalor subnormalplasma reninlevelwhichis fo110Wed   

by a second s七age wi七h a markedlyincreased plasma・renin   

level．The second s七age even七uallyleads 七O brain hemorThage  

－ 9 －   



With a fur七her risein bl00d pressure．This second phase   

which can be considered as a modelof malignan七 hyper七ension   

Seem 七o be due，a七Ieast partly，七o a failurein the regu－   

1ation of renin secre七ion．  

However，七hese resul七S and concep七S developed thus far   

are based on the assump七ion 七ha七 reninis a simple fixed   

en七i七y・＝n recen七 yearsIaS 七he purifica七ion studies on   

renin have advanced and．i七S m01ecular proper七ies ha．ve been   

elucida七ed，i七S has become eviden七 tha七 mul七iple forms of   

renin（19，20，26－28）exis七in 七he kidney andin bl00d   

Circula七ion． Fur七her、mOre，itis also becoming clear 七ha七   

one form can be conver七ed into another under certain   

COndi七ions．These observations sugges七ed 七ha七 Plasma renin   

ac七ivity alone may not be the unlqueindex 七O aSSeSS 七he   

angiotensin genera七ing capabili七y under a varie七y of genetic   

and hyper七ensive conditions・The au七hor assessed the   

Pa七tern of m01ecular weigh七 dis七ribution of reninsin the   

Plasma of SHRSP wi七h the hope to ob七ain a corTela七ion of the   

m01ecular weigh七 distribution with hyper七ensive or．genetic   

COnd土七10nS．  

工n this chap七er，the author comparedin de七ailthe   

m01ecula・r PrOPerties of plasma and kidney reninin SHRSP   

wi七h those of reninin contr01Wis七ar Kyo七O ra七S．  

－10 －   



3．MATER＝ALS AND METHODS  

Plasma c011ection  SHRSP and Wistar Kyoto ra七S Of  

七he orlglnals七rains and strains bred from 七hose distribu七ed   

by N＝H were used・Wis七ar Kyo七O ra七S Were uSed as con七r01  

ra七S for SHRSP 七hroughout 七he experimen七．More than 85％ of   

SHRSPin the breeding colony developed brain hemorrhage・All   

indwelling polye七hylene ca七he七er wasimplan七edin 七he ab－   

dominalaor七a through 七he femoralar七ery wi七h an openingin   

七he back of 七he neck．Wi七hou七 anes七hesia a．nd under minimum   

stress，a Smallv01ume of bl00d which was equivalen七 t0 0・5％  

of the body weight（usuallyless 七hanlml）was collectedin   

a 七ube coa七ed wi七h EDTA and then plasma was separated 七O be   

used fresh or frozen and s七Ored for subsequen七 use・  

Kid・ney eX七rac七  Two grams of fresh ra七 kidney were  

c011ec七ed from animals，after stunning or decapita七ion，and  

homogenizedin8mlO．01M pyrophospha七e bufferl（pH 6・5）  

COntaining O・1M NaCl；七he homogena七e was centrifuged at   

lOOI000Ⅹ g for 60 minI七hen the superna七an七 WaS uSed as   

kidney extrac七．  

Lyophilized kidney extrac七  Fresh ra七kidneys were  

1yophilizedand powdered・The kidney powder of O・4g were  

homogenizedin8mlof七he above buffer containing30％  
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methylcellos0lve，1mM CuSO4，1mM ZnSO4andlO mMN－  

e七hylmaleimide・Cu2＋and Zn2＋were added for the purpose of  

inhibi七ing ca七hepsinsin the kidneys・The hohogenate was  

Centrifuged and 七he superna七an七WaS uSed aslyophilized  

kidney extrac七・Thelargest propor七ion of high molecular  

Weigh七 renin was de七ectedin this extrac七．  

Renin ac七ivity  Renin ac七ivi七y was de七ermined by 七he  

radioimmunoassay of angiotensin 工 genera七ed af七erincu－  

ba七ion wi七h par七ia11y purified ra七angio七ensinogen a七37Oc  

in O・1M phospha七e buffer（pH 6．5）containing 5mg rat renin   

Subs七ra七e，5・4 mM diisopropylfluorophospha七e and 5 mM E工）TA．   

The rat renin subs七ra七e was prepared according 七O the   

method of Boucher et al．（30）．  

Molecular weigh七  The molecular weigh七 Of renin was  

es七ima七ed by gelfil七ra七ion oflmlsample on a calibra七ed   

c01umn（1．5 Ⅹ 90 cm）of UltrogelAcA44（LKB）or Sephadex G－   

100（Pharmacia）．The c01umn was elu七ed a七 a f10W rate Of 5   

ml／h with 0．01M pyrophospha七e，PH 6．5，COn七aining O．1M   

NaCl． The c0lumn was calibra七ed using 七he f0110Wing  

molecular weigh七 standards：bovine serum albumin（Mr＝   

67，000），egg albumin（Mr＝45，000）and equine skele七almuscle  

myoglobin（Mr＝16，900）．The recovery of renin ac七ivi七y during  

gelfiltra七ion was more 七han85％・  

－ 12 －   



＝soelec七ric point（pI）  The pI value of renin was 

de七ermined by 七he me七hod of gelisoelectric focusing（31）．  

（〉 Afterisoelec七ric focusing for 3 h at 200 V and 4 C，eaCh   

gelwas cu七in七O fragments 2・5 mminleng七h；renin was   

extrac七ed by soaking each fragmentin dis七i11ed－deionized   

Water forlO h；and renin activi七y af七er ex七rac七ion was   

determined by the method described above・The pH range   

COVered was 4－6（pH 4－6 Amph01ine，LKB）．concentra七ions of   

P01yacrylamide and amph01inein 七he gelwere 5％ and 2％，   

respec七ively・The recovery of renin activity duringisoq   

electric focusing was about 30－50％．  

All七he procedures descr・ibed above were carTied out  

a七40c unless o七herwise s七a七ed・Allreagents usedin this   

S七udy were of analy七icalreagen七 grade．  

4．RESULでS  

Age rela七ed differences of bl00d pressure，renj．n activi七y，  a）  

and m01ecular weigh七in the plasma of SHRSP  

As shownin TabLe 工InOrmOtenSive Wis七a・r Kyo七o ra七s had   

normalrenin ac七ivi七y andlow m01ecular weigh七 renin as a   

maJOr form of reninin 七heir plasma 七hrough alls七age of  

－ 13 －   
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1ife。The m01ecular weight oflow molecular．weight r．enin was  

estimated to be42，000土2，000S。D。（number of ra七S（N）＝  

22）。1n con七rasセ セo this，SHRSP was found 七o undergo at   

leas七 two phase of 七he molecular weigh七・＝n 七he first phase   

up 七O the age of120 days and wi七hless 七han 200 mmHg b100d   

PreSSure，low moelecular weight reniniden七ical七o that of  

Wistar Kyo七O ratS WaS a major form of reninin SHRSP（Fig・  

4B）．However，aS the plasma renin concen七ra七ion and bl00d   

PreSSure Were fur七her elevated，七he maJOr form of reninin   

almos七 allSHRSP began 七O Change fromlow 七O high molecula工、   

weight renin（Table ＝ and Fig．4A）．  

lasma of SHRSP  Weight renin  in the  A high molecular  b）  

M01ecular weigh七 The molecular weigh七 WaS eStima七ed 七0  b－1）  

be 56，000 ＋ 2，000（S．D．，N＝27）by gelfil七ration．＝n some   

animals，七he transi七ion was not complete and tes七 resul七S   

Showed 七he presence of high andlow m01ecular weigh七 renins．   

A typicalelu七ion profile is presen七edin Fig．4A・ Low   

m01ecular weigh七 reninin the SHRSP plasma wasiden七ical七0   

七ha七 Of Wistar Kyo七O ratS by gelfil七ra七ion（Fig．4B）．  

To investigate whe七her any elec七ric  工SOelec七r土c  b－2）  

Charge difference exists between high andlow molecular   

Weigh七 reninsin 七he plasma of SHRSPItheisoelec七ric poin七s   

（p＝）of bo七h renins were determined．A major p＝ value of  

ー 15 －   
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（Ve／Vo）  

REし朋IVE EしUT旦ON ⅦLUME  

Fig．4．Gelfil七ration of s七roke－PrOne SPOntaneOuSly  

hyper七ensive rats． A，malignan七（250 days）s七age；B，  
young（60 days）s七age．1m10f plasma was applied on a  
Sephadex G－100 c0lumn（1．5 x 90 cm）．Ang．＝，angiotensinI・  
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10  迎  

FRACTtON NUMBER  

Fig・5・＝soelec七ric f。Cu苧ing of high（A）andlow（B）  
molecular weigh七 reninsln Plasma of stroke－PrOne  
SPOn七aneously hyper七ensive ra七s・ Approx・50リIplasma  
a七malignan七（A）and young（B）s七ages were added to an  
Ampholy七e s01u七ion（pH 4－6）．  
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high molecular weigh七renin was5・7土0・08（N＝8）which was  

Clearly different from4．85（Fig．5）．  

c）A high m01ecular weigh七 reninin 七he kidney extract ofSHRSP  

M01ecular weight Since the kidneyis 七he source of the  
C－1）  

Plasma renin，七he authorinvestiga七ed 七he molecular weight   

PrOPerties of reninin 七he kidneys of two s七rains of ra七S，   

Wis七ar Kyoto ra七S and SHRSP，at differen七 s七age of hyper七en－   

Sion．Almos七 al10f the reninsin 七he kidney extrac七S Of   

both s七rains of ratsin young and adult ofL malignan七 stages   

Were10W mOlecular weight forms，although 七he malignant   

SHRSP（180 days）secreted high m01ecular weigh七 reninin七o   

their blood．Since 工nagamiet al．had shown 七ha七inclusion   

Of a 七hiolblocking reagen七in 七he extraction buffer   

PreSerVed high m01ecular weight renin of porcine or ra七   

kidney（32），the au七hor extrac七ed renin from 七helyophilized   

kidney powder with a buffer containing 5 mM N－e七hylmaleimide   

and o七her pro七easeinhibitors and found 七ha七 both s七rains of   

ratsin young and adul七 Or malignan七 S七ages had high   

m01ecular weigh七 renin（Mr＝ 52，300 ＋ 3，600 S．D．，N＝17）and  

low m01ecular weight renin（Mr＝35，600土2，900S・D・，N＝19）  

in their kidney extrac七s（Fig．6）．Additionally，SuCh a high   

m01ecular・Weigh七 renin was no七 Observed when renin was   

ex七racted withou七 the reagent（Fig．7）．No conspicuous  

－ 18 －   
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旺∪汀IVE E山T10N VαUME（＼ね／仇）  

Fig．6．Gelfil七ra七ion oflyophilized kidney ex七rac七  

PrePared with proteaseinhibi七OrS from s七roke－PrOne  
SPOn七aneously hyper七ensive ra七s and Wistar Kyo七O r．a七S  

a七 young and adult or malignan七 S七ages． 1mlof  

lyophilized renalex七rac七s prepared from 七he two strains  
Of rats wi七h a mix七ure of proteaseinhibitors were  
applied on a Ul七rogelAcA44c01umn（1．5Ⅹ90 cm）．  
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Fig．7．Gelfil七ration of renalex七rac七 PrePared withou七  

PrOteaSeinhibitor from s七roke－PrOne SPOntaneOuSly  
hypertensive ra七S and Wistar Kyo七o ra七s at young  
and adult or malignan七 S七ages．1mlof ex七racts  

Obtainedin the absence of proteaseinhibi七Or WaS  
applied on a Ul七rogelAcA 44c01umn（1．5Ⅹ90cm）．  
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differencein the molecular weight distribu七ion of kidney   

renin was detected between the two s七rains of ra七S in all   

S七ages of theirlives，al七houghlow m01ecular weigh七 renin   

WaS the maJOr formin young ra七S．Thus，七he clear m01ecular   

Shif七 Of renin foundin plasma of SHRSP was not observedin   

their kidney extrac七S．  

c－2）Isoelec七ric poin七S  The maJOr P＝value of high  

m01ecualr weigh七 reninin 七he kidney of 七he two s七rains of   

ra七S WaS 5．60土0．07（N＝9）which wasidenticalwi七h 七hat of   

high m01ecular weight reninin plasma・On the other handI   

七he maJOr P＝ value oflow m01ecular weigh七 reninin 七he   

kidney ex七rac七S Of 七he two s七rains of rats was 5・15 ＋ 0・05   

（N＝5）and two minor plvalues of 七he 七WO mOlecular weight  

renins were5・38土0・03（N＝5）and4・96iO・07（N＝5）・There  

was also no clear differencein 七he p工 profiles oflow   

m01ecular weigh七 renin be七Ween Wis七ar Kyo七O ra七S and SHRSP・  

d）早年旦阜rSiple conversion be七Ween hi密＝叩1e旦吐築rl＿麺塑±  

renin and normal renin  

The author checked a possibili七y 七haセ セhe high  

m01ecular weigh七renin presentedin Fig・6and8－A may be  

induced during preparation procedure，Since most of renin  

－ 21 －   
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RELATIVE ELUTION VOLUME（Ve／Vo）  

Fig．8．＝nduc七ion of high molecular weigh七 renin by  

incubation of renalex七r・aCt With N－e七hylmaleimide．  

3 mlof renalex七racts of spontaneously hyper七ensive r・a七s，  

（A）：PrePared with pro七easeinhibi七OrS；（B）：Ob七ained wi七hou七  
inhibi七ors；（C）：incubated wi七h N－e七hylmaleimide a七 4．C for  
lO min after 七he ex七ract was preparedin 七he absence of  
inhibi七ors，WaS aPplied on a Ul七rogelAcA 44 column（2．5 Ⅹ  

200 cm）．  

ー 22 －   



WaS eluted at 40，000 dalton reglOn When the ex七ract was   

PrePared wi七hout thi01blocking reagentIaS Shownin Fig・7   

and 8－B．A 七hi01blocker，N－ethylmaleimide，WaS addedin七o   

the ex七rac七 af七erit was preparLed wi七hou七 the blocker，and   

then was applied on a column．As shownin Fig・8－C，a high   

molecular weigh七 r・enin besides normalrenin was elu七ed・The   

elu七ion volume wasin agreemen七 Wi七h tha七 Of the high   

molecular weight renin observed when 七he ex七rac七 WaS   

PrePared with thi01blocker． These resul七Sindica七e 七ha七   

both high molecular weigh七 renins areiden七icalin the   

m01ecular weight．  

5．DISCUSS工ON  

SHRSPis a modelfor s七udies on the pa七hogenesis of   

StrOkes．工t has been known 七haセ セhe plasma reninlevelin   

SHRSPis markedly eleva七ed withincrease of age and bl00d   

PreSSure．In the preliminary（29）and pr、eSentinvestigation，  

七he au七hor found 七hat an abnormalplasma renin appearedin   

the malignant phase of SHRSP ra七s with high blood pressure   

and high plasma renin ac七ivity．The abnormalrenin wi七h an   

average m01ecular weigh七 Of 56，000 and p工 value of 5．70 was   

a high m01ecular－ weigh七 renin clearly different from normal   

reninin the plasma of contr01Wistar Kyoto ra七S Or yOung   

SHRSP wi七h respec七 toi七S m0lecular weight and elec七rical  

－ 23 －   



Charge．Thus，七he adult SHRSPin the malignant phase have   

not only very high plasma reninlevel，but also alarge   

amoun七 Of high m01ecular weight reninin their plasma．  

The m01ecular weight or p工 Value of high molecular   

Weight reninin 七he plasma during 七he malignan七 Phase of   

SHRSP was very similar oriden七icalwith 七hose of high   

m01ecular weigh七 renin which was foundin 七he kidneys of all   

S七ages of Wis七ar Kyo七O ra七S and SHRSP・  

＝nagamie七 al．（32）showed 七hat a high molecular weigh七   

renin of kidney ex七ract was de七ected onlyin the presence of   

thi01blocker and had sugges七ed 七hat high m0lecular weigh七   

renin was the na七ive form s七Oredin kidneys and 七ha七i七 WaS   

COnVerted by an enzyme or agen七 requiring a thiolgroup t0   

10W m01ecular weigh七 renin wheni七 WaS SeCretedinto bl00d・  

1n the presen七 Study，high molecular weight renin was   

Observedin the ex七ract of kidneys of SHRSP preparedin 七he   

PreSenCe Of 七hi01blocker．On 七he o七her hand，the kidney   

ex七rac七 PrePared from 七he normo七ensive Wistar Kyo七O ra七S Or   

SHRSP without using thiolblocker did not con七ain high   

molecular weigh七 renin・Moreover】七he high m01ecularL Weight  

renin wasinduced by a・七hi01blocker（Fig．8）．Thus，in 七he   

absence of thiolblockerIhigh molecular weigh七 renin seemed   

七o be easily conver七ed to10W m01ecular weigh七reninin 七he   

kidney ex七rac七S but notin the pla・Sma Of七he malignan七Phase   

Of SHRSP．  

ー 24 －   



Murakamiand Suzuki（33）described 七hat the conversion   

be七Ween high andlow molecular weight reninsis reversible   

in kidney extracts of hog。Leckie and McConnell（20）and．   

Boyd（19）had repor七ed renin－binding pro七ein or renin   

inhibi七orin rlabbit and porcine kidneys which combined with   

low m01ecular weigh七 renin to form high m01ecular weight   

renin．Therefore，七he author do not have a definite answer   

七○ 七he ques七ion of whe七her high m01ecular weigh七 reninis   

七he 七rue na七ive formin 七he kidney or no七。  

工tisin七eres七ing that a purified high m01ecular weigh七   

renin from porcine kidney（26）or a crude high m01ecular   

Weight reninin human kidney ex七rac七 also has the same p＝   

value of 5。60 七0 5。70 and similar m01ecular weigh七（approx．   

60，000）as 七hose foundin Wistar Kyo七O ratS and SHRSP．Day   

e七 al．（27）also repor七ed 七he existence of a f－big一一 renin   

which has a greater m01ecular weigh七（63，000）七han normal   

reninin plasma or kidney of pa七ien七S Wi七h renaldisorders・   

lIBigH reninin human plasma and kidneyis similar 七O high   

m01ecular weight reninin plasma of SHRSP・Fur七her s七udies   

On high m01ecular weigh七 renin and，lbigH renin are needed 七O   

de七ermine 七heirin七erTela七ionship．Besides high m01ecular   

weigh七 reninIlow m01ecular weigh七 renins which had a   

m01ecular weight of 36！000 and a maJOr P工 value of 5・15 and   

七WO minor p工 values of 4・96 and 5・38were also de七ectedin   

kidney ex七racts of Wis七ar Kyo七O ra七S and SHRSP and their  

ー 25 －   



m01ecular proper七ies were sirnilar 七0 七hosein plasma．The   

m01ecular weight and 七he pIvalue oflow molecular weight   

reninin rat kidney extract were nearlyiden七icalwi七h those   

of pure rat renin（6）．The p＝ values oflow molecular weigh七   

renins foundin the presen七inves七iga七ion were similar 七o   

those of ra七 reninin 七he crude p工、eParation ob七ained by   

Lauri七zen e七 al．（34）．  

The au七hor・ COuld no七 de七ec七 Subs七an七ial differencesin   

七he m01ecular properties of high and10W mOlecular weigh七   

reninsin kidney extrac七S be七Ween 七he 七wo strains of ra七S，   

SHRSP and Wistar Kyo七O ratS，in alls七ages of 七heirlives・  

These resul七S may be explained by two f0110Wing possi－   

bili七ies：firs七，reninsin kidneys of both s七rains of ra七S   

are the samein 七heir molecular proper七ies and secretion of   

renin from kidneyin七O bl00dis abnormalin 七he malignan七   

Phase of SHRSP；Or SeCOndIin kidneys！renins of Wistar   

Kyo七O ra七S are differen七 from 七hose of SHRSPIbuセ セhe   

difference disappears during hornogenization of kidneyin   

which reninislocalizedin 七he granule of juxtaglomerular   

Cells of 七he kidney．  

Theimpor七an七 ques七ion of why and how high m0lecular  

weight renin appearsin七he malignan七Phase of SHRSP remains   

七o be solved．  

The author have three working hypo七hesis on how七he  

high m01ecular weigh七renin appearsin七he plasma df the  
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malignan七 phase of SHRSP。First，the high m0lecular．weigh七   

reninis s七oredin the granule of jux七ag10merular cellsin   

the kidney and secretedinto b100d directly。Second，low   

m01eculaI、Weight reninis storedin the granules and   

SeCretedinto b100d after transformationinto high molecular   

Weight reninin kidney・Third，low m01ecular weigh七 reninis   

StOr・edin the granules，SeCre七edin七O the b100d and 七hen   

transformedimmediatelyin七o high molecular weigh七 renin・  

工tis，七hus，Veryimpor．tant 七o de七ermine 七he m01ecular   

form of reninin 七he granulesin 七he kidney of 七he 七WO   

strains of rats．Recently，Funakawa e七 al．（35，36）indicated   

that renin was storedin 七he granules of dog kidneys as 七he   

10W mOlecular weight form and could combine with a renin－   

binding proteinin the s0luble frac七ion of renalcortex   

tissue to form high m01ecular weight renin・Yamamoto and   

工kemoto suggested 七hat a renin－binding pro七ein of 七he dog   

kidney was contained notin the glomerulibutin 七he  

cor七icaltubules（84）．More recen七Iy，Ueno e七 al．（66）and   

Takahashie七 al．（80，81）demonstra七ed tha七 a renin－binding   

protein of the hog kidney had renin－inhibitory activityIand   

the pro七ein bound renin reversibly・ ThereforeI七he au七hor   

七hought 七hat thelast working hypo七hesis was most reasonable   

among 七he 七hree hypo七heses described above†if all七hese   

resul七s could be applied to the cases of SHRSP and Wistar   

Kyoto rats．  
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CHAPTER ＝I工．PURIFICATエON OF 40，000－RENIN FROM THE  

SUBMAX工LLARY GLAND OF ALBINO MALE M＝CE  

1．SUMMARY  

A pressor enzyme，renin，WaS Purified about 60－f01d   

by chromatogra．phy on an affini七y c0lumnincluding pepstatin－   

aminohexyl－agaTOSe Wi七h a high yield of 83％from 七he   

homogena七e of adult mouse submaxi11ary glands・The renin   

Ob七ained by the one－SteP Purification was elec七rophore一   

七ica11yhomogeneous on SDS－POlyacrylamide geland as active   

as an abs01utely pure renin・The renin purified by the   

affinity c0lumn could be separa七edinto five ac七ive   

COmPOnen七S by chroma七OgraPhy on CM－Ce11ulose・Each of those   

renins gave a symme七ricalelution profile on the CM－   

ce11ulose c0lumn and a discrete pro七ein band on polyacryl－   

amide gelelec七rophoresis a七 PH 8・6・Adminis七ra七ion of   

nanOgram quan七ities of each of 七he two maJOr renin fractions   

七o nephrec七Omized ra七s caused a sustained rise of bl00d   

PreSSure and decreasein sensitivi七y of 七he animalto anglO－   

tensin＝工．This rapid andlarge－SCale purifica七ion me七hod   

using pepsta七in－arninohexyl－agarOSe elimina七es a11four  

frac七iona七ion s七eps reported previously for七heisolation   

of mouse submaxillary gland renin・Fur七hermoreI七he  
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antibodies were raised against fraction－A or －D renin・  

2．エNTRODUCT工ON  

Recently，renin has beenis01a七ed from hog（4，5，37），   

ra七S（6），dog（7），and human（8，9）kidneys．＝n this   

is01a七ion，an affinity columnincluding pepsta七in－amino－   

hexyl－agarOSe Played a cen七ralrole，because 七he concen七ra一   

七ion of reninin 七he kidneysis verylow andi七Sis01a七ion   

is almos七impossible wi七hout this affini七y c01urnn．However，   

these renins were not availablein sufficien七 quan七ities for   

fullcharac七eriza七ion，SuCh as determination of 七he ac七ive   

si七e and 七he amino acid sequence．Furthermore，renins have   

also been observed 七O eXis七in ac七ive high m01ecular weight   

forms（2，38，39）and a completelyinactive renin precursor   

（40－42）was foundin kidney and plasma，al七hough our present   

knowledge of 七hese new forms of reninis far from comple七e・  

On 七he o七her hand，a Verylarge amoun七 Of renin－1ike   

substance was foundin 七he submaxillary gland of adul七   

albino male mouse（12）．工n1972，七his submaxillary gland   

renin wasis01a七ed by five s七eps of conventionalprotein   

fractionation techniques（13），because at tha七 time，nO   

sui七able affinity c01umn was available・Al七hough Poulsen   

et al．（18）repor七ed 七ha．七 alarge precursor of mouse sub－   

maxillary gLand renin was synthesizedin vi七ro fromits  
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Purified mRNA，nOthingis known abou七 a high molecular   

Weight renin or renin precursorin 七he homogena七e of mouse   

Submaxillary glands．  

工t was thus desirable 七o develop a simpleis01a七ion   

method 七0 0b七ain pure prepara七ions of renin，high molecular   

Weigh七 renin and renin precursor from mouse submaxi11ary   

gland for 七heiriden七ification and charac七eriza七ion・  

工n this chap七er，七he au七hor described 七he developmen七   

Of a rapid andlarge－SCale purifica七ion me七hod for mouse   

submaxi11ary gland renin and elicita七ion of antirenin   

antibodies．  

3．MATER工ALS AND METHO工）S  

Renin assay Renin ac七ivi七y wa．s de七ermined by 七he ra七e  

of forma七ion of angio七ensin工 from renin subs七ra・te Which had   

been ob七ained from hog plasma as described be10W・After   

incubation wi七hlO mg of hog angio七ensinogen preparation at   

370c forlhin O●1M phospha七e bufferIPH 6・5ICOn七aining 5   

mM E上）TA and 5．4mM diisopropylfluorophospha七eIangiotensin＝  

was de七ermined by七he radioimmunoassy of Haber e七al・（76）・  

Hog renin substra七e Tw01i七ers of fresh bl00d ob七ained  

from normalhogin O．3％E工）TA was cen七rifuged at3，400Ⅹ g  

for30min．The pH of 七he supernatant waS adjusted七05・3  
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and s01id ammonium sulfate was added 七o a concentra七ion of   

30。4 g perlOO ml・After s七anding forlh，七he resulting   

PreCIPi七ate was separa七ed by centrifuga七ion，SuSPended j＿n   

200 mlof distilled wa七er and dialyzed for12 h against   

O．01M ace七a七e buffer pH 5．5．The dialyzed sample was centri－   

fuged a七 9，000 Ⅹ g for 20 min・The supernatan七 WaS aPPlied   

to a peps七a七in－aminohexyl－agarOSe C0lumn（4）（1．5Ⅹ 4．5 cm）   

equilibra七ed wi七h O．01M ace七a七e，PH 5・5，七O remOVed renin   

and elu七ed wi七h 七he same buffer a七 a flow ra七e of 60 ml／h．   

Renin substra七e frac七ion con七aining almos七 no renin activity   

WaS elutedin the flow七hrough frac七ions．The renin substra七e   

in 七he elu七ion was again sal七ed ou七 by 七he addition of s01id   

ammonium sulf－ate as described above．The resulting precipi－   

ta七e was dissolvedin 200 mlof dis七illed water and dialy21ed   

for12 h agains七 disti11ed water・The dialyzed sample was   

Centrifuged and 七he superna七an七WaS uSed as hog angiotensi－   

nogen prepara七ion af七erlyophilization・Ten mg of 七he hog   

renin subs七ra七e was added 七O eaCh renin assay tube to glVe   

maximurn amoun七 of angio七ensinlduringincuba七ion・  

M01ecular weigh七  The molecular weigh七 Of renin was  

es七ima七ed by elec七r・OPhoresis on polyacrylamide gelwi七h  

sodium dodecylsulpha七e（SDS）．The gel（0．5x8cm）contained  

lO％polyacrylamide and O。1％S工）S wi七h or wi七hout O・25％  

di七hio七hrei七01（DTT）．  
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Protein concentra七ion  Pro七ein concentra七ion was  

de七ermined spec七rophore七ically using an ex七inc七ion of E   

＝10．5 at 280 nm（13）。  

PoLyacryZamide gel electrophoresis P01yacrylamide  

gelelectrophoresis was runin a O・5x 8 cm gelcontaining  

7．5％polyacrylamide at pH 8．6 wi七h a cons七an七 CurTent Of   

2 mA per gelaccording 七o Davis（43）．  

Effect of submaxillary gland renin on bl00d pressure  

Ra七S Were bila七eraユIynephrec七Omized16 h prior 七o the   

experiments・Under sodium pen七obarbi七alanes七hesia，a   

Ca七he七er wasinser、七edin七o the femoralvein forinJeC七ion   

Of submaxillary gland renin and s七andard s01ution of anglO一   

七ensin Ii．Ano七her ca七heter was inser七ed in七o the caro七ide   

ar七ery and connec七ed 七O a manOme七er for pressure recorder（   

Erma Op七icalWorks，L七d．，Tokyo）．  

An七irenin antibodies  Pure renin，fraction－A or －D  

（0．1mg），WaS mixed wi七h Freundls complete adjuvan七and 七hen   

it wasinJeC七edintradermally at mul七iple si七esin 七he back   

Of a rabbi七（Japan Whi七e）a七Weeklyinterval．High ti七er   

an七ibodies were ob七ained after 5 weeks．  
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4。RESULTS  

Purification  Renin in the homogenate of male mouse a）  

Submaxillary gland was completely adsorbed a七P＝5．50n an  

affini七y c0lumnincluding pepstatinLaminohexyl－agarOSe，  

PrePared according 七○ 七he me七hod of MurakamiandInagami  

（4），and elu七ed wi七h O・1M Tris－HClbuffer con七aining O．5M  

NaCl，PH 7。4（Fig。9），although hog kidney renin was elu七ed   

With O。1M acetic acid of pH 3。2（4）．Renin was purified about   

60－f01d on 七his affini七y c01umn with yield of83％（Table 工工）．   

This renin frac七ion was fur七her purified on a CM－Cellu10Se   

C0lumn by elu七ion wi七h a shallow NaClgradient（Fig．10）．   

Each of the fractions showed a symme七ricalelution pr．ofile   

On 七he CM－Cellulose c0lumn，and 七he pro七ein peak coincided   

With the renin ac七ivity（Fig．10）．   

b）叫  でhe purified renin by七he affini七y chroma七○－  

graphy was elec七rophore七ically homogeneous on SDS－POlyacryl－  

amide gelwith orL Without a reducing reagent，DTT（Fig・11），  

and was f、ully ac七ive・  The fur七her separa七ed renins  

by CM－Cellulose chromatography gave a discrete pro七ein band  

individually on polyacrylamide gelelec七rophoresis a七PH  

8・6Iindica七ing electrophoretic homogenei七y，aS Shownin   

Flg．12．  

－ 33 －   



u
O
；
巾
U
 
 

⊥
－
こ
コ
d
 
 

嶋田ヽ 杓 昭ね Q 騨埠 喝 ㊥  
●      ●      ●      ●      ●      ■      ■  

▼－ ∞ 寸 ∞ M N 寸 ▼－   1∫l 寸 l．n M 寸 N rへ  

¢
．
Z
 
 

N
．
N
 
 

寸
．
N
【
 
 

か
．
N
 
 

N
．
¢
門
 
 
 

小
．
∽
M
 
 

N
．
M
の
 
 
 

0
0
P
 
 
 

P
芯
；
 
葺
；
芯
じ
噌
じ
こ
芯
監
s
 
 
 【
巾
ぢ
ト
 
 

．
p
u
噌
芯
訂
L
佃
l
〓
岩
∈
q
コ
S
む
S
⊃
2
E
O
L
－
S
u
γ
u
巴
も
u
O
芯
3
こ
．
こ
コ
d
 
H
H
む
忘
巾
ト
 
 
 

（
巴
 
 

の
M
∞
 
 

0
0
の
 
 
 

O
S
の
 
 
 

ト
岨
u
 
 
 

O
讐
ご
 
 
 

∽
伊
∽
 
 
 

0
禦
ご
 
 

N
．
O
N
 
 

（
ぎ
＼
ご
u
コ
）
 
 

有
言
コ
盲
三
三
じ
巾
 
（
ど
）
u
芯
ぢ
L
d
 
 

M
の
M
 
 
 

0
0
M
 
 

0
0
ト
ご
 
 

0
0
寸
 
 

0
0
∽
－
N
 
 

O
の
N
｛
s
 
 

0
0
寸
ご
L
 
 

0
0
ト
．
M
L
 
 

・
モ
ー
u
芯
u
β
0
芯
u
噌
曾
 
l
‥
ぎ
§
【
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
麟
 
 

¢
．
〇
 
 
 

¢
．
〇
 
 

〇
．
N
 
 
 

u
．
〇
 
 
 

1
．
N
 
 
 

か
．
S
 
 
 

u
．
か
 
 

寸
．
0
0
ト
u
 
 

u
O
芯
2
鼠
巴
d
 
 

完
ぢ
ト
 
 

山
－
u
O
芯
じ
噌
L
叫
 
 

凸
－
u
O
芯
じ
噌
L
－
 
 

U
－
u
O
芯
じ
噂
L
－
 
 
 

山
－
u
O
芯
じ
巾
L
－
 
 

V
－
u
O
芯
じ
噌
L
－
 
 
 

む
S
O
盲
〓
む
U
－
∑
U
 
 

u
∈
コ
忘
じ
葺
芸
芯
篭
 
 
 

｝
U
巾
J
｝
×
む
 
む
P
コ
L
U
 
 

－ 34 一  



（臼㊦ごl叫鞘‡一缶岬缶叫Å上玉∧呈⊥つ∀N富Nヨ出  

■
■
′
ヽ
′
ヽ
（
（
（
－
．
－
 
℃
T
∈
○
寸
u
J
 
p
畏
召
註
O
E
O
ぷ
巴
賀
耳
・
寸
）
p
5
芯
2
d
コ
再
話
∈
q
n
S
忘
N
。
と
む
畠
・
岩
出
。
J
ご
u
 
 

p
可
n
b
一
山
 
u
両
 
p
む
L
O
｝
S
 
p
已
d
 
u
む
N
O
L
叫
 
h
l
む
｝
d
吊
p
む
∈
∈
両
 
p
已
d
 
相
可
S
望
七
宝
㌫
岩
冠
山
里
薫
霊
W
 
L
㌫
p
u
n
 
 
 
（
已
H
し
昌
ち
 
▲
蒜
T
？
莞
賀
－
巴
む
じ
可
∈
O
U
芸
｛
d
む
T
空
ヒ
］
コ
j
p
由
一
N
∈
O
h
h
 
p
宗
可
じ
霊
巴
む
き
S
p
S
電
 
 

2
d
コ
可
詣
∈
q
コ
S
・
u
∈
n
T
O
U
む
S
O
ら
品
す
⊥
ゝ
崇
芸
O
u
可
∈
d
－
u
‡
書
S
告
d
 
d
 
u
O
 
S
p
5
一
切
2
d
T
コ
当
∈
q
コ
S
 
 
 

崇
n
O
∈
む
H
雲
ヒ
℃
β
再
び
む
ぎ
E
O
エ
心
雲
じ
両
じ
竃
2
℃
L
葺
n
巴
ぎ
｝
d
E
O
J
雲
合
官
憲
一
句
．
の
．
誉
h
 
 

∝
山
瓜
芝
コ
N
 
N
O
－
ト
U
く
∝
虹
 
 
 

・
U
 
川
寸
・
卜
‡
d
 
ご
農
叫
n
q
｛
U
守
S
で
か
∑
J
・
〇
 
這
 
ご
U
d
石
∑
爪
．
〇
瑚
u
両
u
扇
｝
u
O
U
爪
．
S
 
H
d
 
れ
 
 
 

黒
雲
ぶ
む
q
q
 
瞥
完
〇
・
〇
－
亘
‥
S
h
U
一
偏
コ
q
｝
u
㌣
H
む
叫
叫
可
p
 
m
エ
｝
吊
き
p
む
｝
コ
1
む
 
む
ト
む
芦
S
｝
u
む
u
O
d
E
O
U
．
 
 

む
A
O
q
d
 
U
エ
｝
 
上
｝
吊
き
 
p
む
｝
d
h
q
小
一
可
n
b
む
む
h
d
 
u
心
む
q
 
p
吋
エ
エ
U
叫
ぶ
き
 
（
∈
U
 
O
N
 
u
へ
 
∽
．
〇
）
 
（
寸
）
 
 

心
S
O
ら
品
車
⊥
ふ
崇
芸
O
u
可
E
佃
1
u
両
｝
d
｝
S
d
む
d
 
d
 
O
｝
 
p
む
T
一
札
d
再
 
■
望
讐
声
 
‖
7
詔
ぶ
由
u
h
む
d
コ
S
 
む
ぷ
臼
．
u
両
∈
 
○
¢
 
 

珂
0
0
〇
．
〇
〇
山
霊
p
品
コ
崇
よ
u
禦
〕
叫
璧
声
 
」
Ⅵ
扇
u
品
O
E
O
q
ぷ
臼
．
S
．
S
 
H
a
 
ご
農
J
n
q
ぷ
d
霊
U
d
 
 

・
p
U
車
0
心
｛
｛
0
0
 
む
ト
む
き
 
T
∈
 
S
・
C
 
ゎ
ー
む
｝
d
∈
両
米
0
ト
d
d
d
 
h
O
 
S
l
已
0
雨
中
U
再
h
叫
 
 

p
計
ミ
壱
ヨ
S
望
ぷ
巴
喜
一
叫
月
日
・
T
U
d
買
琵
．
〇
野
上
己
づ
莞
壱
0
0
寸
．
ト
H
n
 
J
U
H
－
S
T
よ
ヨ
．
・
〇
 
 

0
の
 
 

0
印
 
 

J
む
叫
恒
コ
q
 
 

J
む
叫
叫
コ
q
 
 

已
E
コ
山
O
U
 
 
 

h
O
恒
 
餌
 
 
 

富
N
〇
．
〇
 
 

－ 35 －   



．
む
S
O
H
コ
T
T
む
O
I
∑
U
 
u
O
 
u
∈
コ
T
O
U
 
 

聖
七
T
 
ゝ
q
 
u
き
○
エ
S
 
S
u
O
可
｝
U
再
h
叫
 
u
再
u
㌢
h
 
爪
芦
岩
 
 

h
｝
T
u
吾
こ
冠
＋
聖
士
T
 
E
O
h
叫
 
S
u
O
T
｝
U
d
h
J
 
U
両
u
む
J
 
叫
O
 
h
エ
n
d
㍉
u
O
ヤ
再
∈
O
h
エ
U
．
〇
d
．
u
t
H
h
 
 

d
 
∈
O
h
叫
 
p
心
｝
祀
h
山
u
心
瑚
 
｛
h
む
h
叫
コ
q
 
む
エ
■
 
 

粥
心
A
u
O
U
 
d
 
エ
｝
可
き
 
p
む
｝
コ
T
心
“
U
L
∴
ツ
≧
 
 

p
山
｝
再
L
q
コ
両
コ
b
む
 
し
ご
歳
n
O
可
A
む
h
d
 
（
N
爪
 
≡
U
 
 

U
S
O
T
コ
T
T
む
U
－
≡
U
 
d
 
O
｝
 
p
む
一
丁
d
a
再
 
 
 

≡
N
〇
．
〇
エ
｝
向
き
 
p
む
｝
d
L
q
T
T
T
コ
b
む
 
p
⊂
d
 
 
 

．
p
む
｝
U
由
T
｛
O
U
 
心
L
む
き
 
S
u
O
T
｝
U
d
h
一
丁
∈
 
N
 
p
已
d
エ
＼
T
E
 
¢
 
 

S
招
き
 
む
｝
d
J
 
き
O
T
J
 
む
エ
ー
．
h
む
q
∈
d
エ
U
 
瑚
u
下
端
T
∈
 
む
∈
コ
T
O
A
 
｝
⊂
d
｝
S
u
0
0
・
T
∈
 
0
0
N
 
 

∝
墟
哩
嘩
2
 
Z
O
芦
じ
芦
－
 
 

忌
 
 

○
¢
 
 

u
T
 
T
U
再
三
 
∑
S
N
r
O
－
O
 
J
O
 
｝
u
む
可
p
d
h
瑚
 
 
 

S
u
T
u
射
出
．
J
む
一
山
コ
q
 
む
E
d
の
 
む
エ
｝
 
エ
｝
T
き
 
 

G
叩
∈
ヤ
再
エ
き
．
己
じ
 
爪
N
 
粥
 
∽
．
〇
）
 
u
∈
コ
｛
O
U
 
 

u
聖
上
｝
．
爪
〇
．
S
 
H
d
 
ご
む
J
叫
n
q
 
む
｝
d
｝
む
U
d
 
 

p
む
T
O
O
d
 
甲
h
む
≧
．
爪
．
印
可
h
 
u
可
 
｝
む
ぷ
U
d
L
q
 
 

卜」u山09Z匹ヨ：則∀g耶8∀  

（－●－－luJJJl舶1t6u∀6u）人⊥肌l⊥つ∀N飢円心  

－ 36 －   



A B  
卜」  

BPB一  

（十）  

Fig．11．SDS－P01yacrylamide gelelectrophoresis of 七he renin  

Purified on 七he affini七y c0lumn（Fig．9）．  Elec七rophoresis  
Of a 5 帽 SamPle was carTied out as describedin MATERIALS  
AN工）METHO工）Sin this chapter．A：Without DTT，B：Wi七hJ］TT．  
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A B C D E  
柵  

卜）  

Fig．12．P01yacrylamide gelelec七rophoresis of 七he renin  

Purified on 七he CM－Cellulose c0lumn （Fig．10）．  Electro－  

Phoresis was carTied ou七 as describedin MATERIALS AND  
METHODSin 七his chap七er（7－10 ug of samples）．A，B，C，D，and E  
PreSent fraction－A，－B，－C，－D，and －E，reSPeCtively．  
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c）M01ecular weight The m01ecular weight of the purified  

Submaxi11ary gland renin was determined by SDS－POlyacr・yl－   

amide gelelectrophoresis to be 40IO00 wi七hout DTT and to  

be 33，000（f－raction－A，－B，－C and－E）and 38，000（fraction－D）   

in 七he presence of－ DTT，aS Shownin Fig．13．  

Bioassay  The in七ravenous inJeC七ion of a smalldose  d）  

（18 ng）of the purified renin by 七he affinity chroma七ography   

in nephrec七Omized ra七S elici七ed a clear and pr0longed（○Ver   

30min）increasein bl00d pressure，aS Shownin Fig．14．   

A10ng Wi七h 七he renin－1ike pressure response，there was a   

marked decreasein 七he sensi七ivi七y of ra七s 七o angio七ensinll   

f0110WinginJeC七ion of the purified renin．Moreover，the   

effec七 of each ac七ive frac七ion on 七he b100d pressure was   

examined・When 20 ng of frac七ion－A or・－C was adminis七rated  
～   

to’nephrectomized ra七S，there was a sustained risein 七he   

bl00d pressure which was almos七identicalto 七ha・七in Fig・3・   

However）七her、e WaS nO risein 七he bl00d pressure whenlarge  

quan七ities（0．8 t01tlg）of each of七he minor fractions（B，  

D，and E）wereinjec七ed．  

e）Elici七ation of an七irenin antibodies  Double diffusion  

Of pure submaxillary gland renin（frac七ion A）and rabbit   

an七irenin an七ibodies on an Ouch七erlony pla七e produced a  
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Fig・13・Slab SDS－P01yacrylamide gelelec七rophoresis of the  
renin purified on the CM－Cellulose c01umn（Fig．10）．  
Electrophoresis of a15－2511g SamPle was runin alO x15 x  

0．1cm slab gelcon七aining15％p01yacrylamide a七PH 8・6with  
a cons七ant curren七 Of 25 mA according to Laemmli（51）．  
Proteins were s七ained in O．1％ C00maSSie Bri11iant Blue R  
250・A，C，D，and E presen七 frac七ion－AJ－C）－D）and －E renin！  

respec七ively・BSA；bovine serum albuminIOVA；0ValbuminICl－  
CTG；C8－Chymotrypsinogen AIBPB；bromophenolblue・  
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RELATtVE DtLUT書ONS併ANT（SEI札糾  

Fig・16・Neutraliza七ion of 七he renin activi七y by the an七i－  
frac七ion A renin an七ibodies．Pure fraction A renin，Which  

COuld generate 800 pg angio七ensinIper mlper h from 七he  
angiotensinogen，WaSincuba七ed wi七h rela七ively dilu七ed  

an七iserum（100 pl）for16 h a七 40C．Then the renin ac七ivity  
Of the mix七ure was determined under 七he same condi七ions  
describedin MATER＝ALS AⅣD METHODSin 七his chapter・  
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（A）  

Fig．17．＝mmun010glCalcross－reaCtivi七y among fraction－A，  

－B，－C，－D，and －E renin．   Fig．（A）：immunodiffusion paセセern  
Of anti－fraction－A renin an七ibodies（6），frac七ion－A（2），  

－B（7），－C（3），－D（4），and －E（5）renin．Fig．（B）：  
immunodiffusion paセセern of anti－frac七ion－D r＜enin an七ibodies  
（1），fraction－A（2），轟C（3）， －D（4），and －E（5）  
renln・Fig・（C）：immuno－diffusion 

． ，
 

fraction－A（  ），and fraction－D（4）renin．0七her experi－  
mental condi七ions were similar to tha七 described in 七he  
legend for．Fig．15．  
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Single precipi七ate band un七ilthe origlnalantisera solution  

was dilu七ed 2 七imes wi七h saline（Fig．15A）．similarly，a Clear   

precIPita七ionline of submaxillary gland renin and antisera  

was als0 0bservedin animmunoelec七rophoresis（Fig．15B）．   

The antisera usedin 七his experimen七neutralized 50％ of sub－   

maxillary gland renin a七1：2，000 dilu七ion）aS Shownin   

Fig．16．Double diffusions of frac七ion－A，－B，－C，－D，一E   

and 七he an七irenin an七ibodies of frac七ion－A or －D was   

Observed 七O P工、Oduce a single precIPi七a七e band，aS Shownin   

Fig．17A and B。Moreover，Fig．17C shows  七ha七 anti－   

frac七ion A renin antibodies and anti－frac七ion D an七ibodies   

CrOSS－reaC七 Wi七h fraction－D renin and frac七ion－A renin，   

respec七ively。  

5．D＝SCUSSlON  

In 七his s七udy，七he au七hor established a r．apid andlarge   

SCaleisola七ion of submaxillary gland renin using an affini七y   

C0lumn and a CM－Ce11ulose c01umn・As much as 9・6 mg of 七he   

Purified renin was ob七ained from4・1g of male mouse sub－   

maxillary gland by 七he me七hod・ This high yieldis marked   

COn七rasセ セ0 七he yieldin 七he case of kidneys・For example）   

90 kg of hog kidney was needed 七0 0b七ain 七he same amount  

（9・6mg）of pure hog kidney renin（4）．  

The elu七ion profile of 七he fractions on CM－Cellu10Sein  
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Fig・10 was similar to 七ha・七 Of renin－AI－B！－CI－D！and －E on   

七he finalCM－Cellulose c01umn reported by Cohen e七 al．（13）．   

However，the yield of fraction－Cin the present methodis   

much higher 七han tha七 Of renin－Cin Cohen，s me七hod・   

Moreover，i七is no七eworthy 七ha七（i）七he presen七method   

elimina七es allf－our consecu七ive fractiona七ion s七eps in   

Cohen－s me七hod（13）七0 0b七ain pure submaxi11ary：gland renin，   

（ii）one s七ep of affini七y c01umn chromatography starting   

from 七he homogena七e of submaxi11ary glandis sufficien七 to   

Ob七ain a prepara七ion whichis as abs0lu七ely pure reninIand   

（iii）the combined yield of renin activityin 七he presen七   

me七hodis much higher 七han 七ha七in Cohen，s method・  

1n 1973，Murakamie七 al．（45）ini七iated a preliminary   

S七udy on theis0la七ion of renins from hog kidneyand mouse   

Submaxillary gland）uSing peps七atin－aminoe七hylp01yacryl－   

amide gel．However，七his gel（45）had a very10W affinity   

for renin，PrObably due 七○ 七he short spacer or to 七he10W   

COnten七 of peps七a七inin 七he gel・Pepsta七in－aminohexyl－   

agarose gel（4）is superior 七O PePStatin－aminoe七hylp01y－  

acrylamide foris01a七ion of renin from kidneys（4）or from   

Submaxillary glands  

The final CM－Cellu10Se C01umn was effec七ive in   

SePara七ing 七he five ac七ive fractionsIbu七did no七increase   

their specific activi七y・Frac七ion－A and －CJthe maJOr＝renin  

componen七Sin the submaxillary gland are more ac七ive than  
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七he minor fraction－B，－D，－E，al七hough the five renins were   

iden七icalimmun010glCally・Since，large amoun七s of proteases   

are presentin mouse submaxi11ary glands（44），fraction－B，   

－D and －E may be degrada七ion produc七s formed from fraction－A   

and －C during theirisolation。To check 七his possibilityI   

renins in male mouse submaxillary gland were isolated by the 

PrOCedure described abovein 七he presence of a mix七ure of   

pro七einaseinhibi七OrS（10 mM EDTA，5 mM七e七ra七hiona七e，and   

lmM diisopropylfluorophospha七e）。However，almos七no change   

WaS Seenin the elu七ion profile on 七he CM－Cellulose c0lumn．   

More recently，Ca七anzaro et al．（78）demons七rated by cell－   

free 七ranslation and pulse－Chase experimen七S 七ha七 mouse   

Submaxillary gland renin was synthesized as a preprorenin   

（Mr＝45，000）which was conver七ed 七o a prorenin（Mr＝43，000）   

and then 七O renin（Mr＝38，000）by rapid processing，Which was  

Cu七Slowly七o give a two－Chain form（Mr＝33，000土5，000）・＝n  

七his s七udy，Only fraction－D renin was de七ermined 七O have a   

molecular weight of 38，000 by S工）S－PAGE wi七h DTT，al七hough   

七he m01ecular weigh七 of o七her renins was 33，000。 Moreover，   

five renins wereimmunologicallyiden七ical（Fig．17）．These   

resul七Sindica七e 七ha七 frac七ion－D renin，Which was conver七ed   

from prorenin，WaS mOdified s10Wly 七o be fraction－A，－B，－C   

and －E renins by ac七ions of some pro七eases．  

－ 47 －   



CHAPTER 工V．MOLECULAR WE工GHTS OF RENIN AND THE＝R REN工N  

ACTIV工T＝ES 工N THE SUBMAXILLARY GLAN工）S  

OF l－ T0 8－WEEK－OLD M工CE  

1．SUMMARY  

Renin activi七yin the ex七rac七 from the submaxillary   

gland ofl－ t0 8－Week－01d albino male mice was found 七O   

increase wi七hincrease of age and 七○ 工、ea．Ch a maximumin 6－  

105  Week－01d micein which 七he renin ac七ivity was 7．5 Ⅹ   

七imes as high as 七ha七 ofl－Week－01d mice・The author found   

七hree unfamiliar renins of differen七 m01ecular weigh七S   

（Mr＝48，000，Mr＝37，000，Mr＝31，0000in addi七ion 七O a nOrmal   

renin（Mr＝41，000）in 七he submaxillary gland ofl一 七0 3－Week－   

01d mice．An unfamiliar・renin（31，000）increased notablyin   

七he submaxillary gland of 6－Week－01d mice，buti七 almos七   

disappearedin 七he gland of 7－Week－Old micein which a   

normalrenin（Mr＝41，000）increased and became a major form   

of renin．The renin activityin allthree of 七he unfamiliar   

renins was comple七elyinhibited by an七ibodies raised against  

pure normalrenin！SuggeS七ing tha七 all七he unfamiliar renins   

found have a precursor common 七O nOrmalrenin・  
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2．工NでRODUCで工ON  

A verylarge amount of renin－1ike substance has been   

foundin the submaxillary gland of adult male mice（12，14，   

16，54－57），al七houghi七S Physi010gicalroleis no七 ye七 known．   

This enzyme was purified and charac七erized，andits   

enzyma七ic and molecular proper七ies（13）andits pressor   

ac七ivity（59，60）were found to be very similar to renal   

renin（E．C．3．4．99．19）。 Since mouse submaxillary gland renin   

COuld be purifiedin alarge quan七ity，it was used as a   

mode10f renal renin to delineate the de七ailed fea七ures of   

七he ac七ive si七e of renin（17）．  

＝n recen七years，high m01ecular weigh七 renin（Mr＝   

50，000－63，000）andinactive renin or pror・enin have been  

observedin kidney or blood circula七ion（2，32，38，39，61）・   

However，nei七her high m01ecular weight renin norinac七ive   

renin were de七ec七edin the mouse subma3（illary gland and・七he   

only form of renin demonstrablein七he submaxi11ary gland  

was an active 40，000dal七On form（13，62）．工n七his chapter，   

the au七hor showed  mOuSe Submaxillary gland renins of   

differen七m01ecular weights observedinl一 七0 7－Week－01d   

mice and 七he age－related differencein their renin ac七ivi七y・  
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3．MATER工ALS AN工）METHODS  

Preparation of crude extract  The submaxillary glands  

a七 each week were excised from mice of 七heJCL一工CR under   

e七her anesthesiaIimmediately homogenized withlO volumes   

Of O・01M pyrophosphate buffer pH 6・5ICOn七aining O・1M NaCI   

Wi七h or without 5 mM sodium te七rathionateIlO mM N－ethyl－   

maleimideIlO mM E工）TA andlmM diisopropylfluorophosphate，   

and cen七rifuged atlOO）000 Ⅹ g for 60 min・The supernatan七   

Of 七he homogenate was used as the crude ex七ract from the   

Submaxillary gland．  

M01ecular weigh七 es七ima七ion  The crude extrac七（0．5  

ml）from the submaxillary glands of each week 01d mice   

WaS aPPlied 七O a Calibra七ed c01umn（1．5Ⅹ 90 cm）of Ultrogel   

AcA44．Renin was elu七ed at a f10W ra七e of 6 ml／h wi七h O．01M   

PyrOPhosphate buffer，PH 6．5，COntaining O．1M NaCl．Bovine  

Serum albuminL（Mr＝67，000），egg albumin（Mr＝45，000），and   

cl－Chymotrypsinogen（25，000），Were uSed as 七he s七andard   

PrO七einsinthe es七ima七ion of the m0lecular weight・  

Renin assay and elicita七ion of antirenin antibodies   

Were described in MATER工ALS AN工）METHO工）S in CHAPTER 工工．  
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4。RESULTS  

a）Age－related differencein the renin ac七ivity Table 工＝工  

Shows the renin activi七yin the submaxillary gland ofl－ t0   

8－Week－01d albino male mice．Renin ac七ivity of 七he subma－   

Ⅹillary glandincreased no七ably withincrease of age and   

reached a maximumin 6－Week－01d micein which the ac七ivity  
4 

wasl．5Ⅹ10帽angio七ensinI／g（we七Weigh七）／h andwas7・5x  

5 l0times as high as七hat ofl－Week－01d mice■  

difference in m01ecular size of renin   Age－rela七ed  b）  

Using gelfiltra七ion）the au七hor examined 七he molecular   

weigh七 of the submaxillary gland renin from each stage of   

l－ 七0 7－Week－Old mice．Fig・18 shows a gelfil七ration profile   

of renin ac七ivi七yin crude ex七rac七 from the submaxillary   

gland of 2－Week－01d mice・The author found three unfamiliar   

renins of differen七 molecular weightin 七he submaxillary   

gland of 2－Week－Old micein addition to normalrenin wi七h a  

molecular weigh七 Of41，000・They were 七en七atively deslgna七ed  

renin－48（Mr＝48，000），renin－37（Mr＝37，000）and renin－31（Mr＝  

31，000）．All七hree of 七hese unfamiliar renins were new七ypes   

of reninin the submaxillary gland・The normaland un－   

familiar renins observedin Fig。18were also detectedin七he   

ex七rac七 from 七he submaxillary glandinl－Week－Old and3－   

Week－01d mice．  
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Figure19 shows a gelfil七ration profile of renin   

activi七yin the crude extract from the submaxillary glandin   

4－I5－I6－ and 7－Week－01d mice・Together with alarge   

increase of renin activityIa neW 七ype of reninIrenin－31，   

increase no七ablyin the submaxillary gland of 6－Week－Old   

mice，bu七i七 had almost disappearedin 七he gland of 7－Week－   

Old micein which normalreninincrease and became a maJOr   

form of renin．The m01ecular shif七 from renin－31in 6－Week－   

Old mice to normalreninin 7－Week－01d mice was accompanied   

by a decrease of renin activi七yin the submaxi11ary glands．  

Renin－31，－37 may be degradation produc七S from 七he high   

m0lecular weight renin（Renin－41，－48）because submaxillary   

gland of male mice con七ains alarge amoun七 Of pro七eases   

（44）． To minimi2：e 七his possibility，七he au七hor eXtraC七ed   

renin from 七he submaxillary gland of 2－Week一01d male micein   

the presence of pro七easeinhibi七OrS aS describedin   

MATER＝ALS AND METHODS．The elution profile of the extract   

WaS Similar to that of 七he extract in 七he absence of   

inhibi七or，aS Shownin Fig．20．  

＝mmunologlCaliden七ification of renin－1ike subs七aLnCeS  C）  

The author examined 七heimmun0loglCalproper七ies of renin－   

1ike substances（Renin－48，－37，－31）appearingin 七he sub－   

maxillary glands of 2－Week－01d male mice！Whichwas prepared   

in the presence of pro七easeinhibitors・As shownin Fig・20I  
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Crude ex七rac七 from the submaxillary gland of 4－ 七0 7－Week－  
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－◎－，and 一躍－，reSPeC七ively．  
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all the renin ac七ivities of the renin－1ike substances were   

COmPletelyinhibi七ed by the antisera，indicating 七ha七 all   

the four renin－1ike subs七ances areimmunologlCallyiden七i－   

cal七O renin and not pseudorenin or ca七hepsin D．Moreover，   

each renin ac七ivi七y of renin－31，－37，－41in 6－，5－，and 7－   

Week－01d mice，reSPeCtively，WaS also completelyinhibited   

by 七he an七ibodies・Thisis the firs七 demons七ra七ion suppor一   

七ing a view 七ha七 renin－1ike subs七ances have a precursor   

COmmOn tO renin．  

5．D＝SCUSSION  

The no七able age－related differencein 七he renin   

activi七yis compa七ible wi七h七hat repor七ed by Bhoola e七  

al．（16），al七hough 七hey could no七de七ec七 renin ac七ivityin   

七he mouse submaxillary gland ofl－ t0 4－Week－01d mice・This   

is 七he first presen七a七ion 七O determine renin activi七y  

quan七i七ativelyin七he submaxillary gland froml一 七08－Week－  

01d mice．The radioimmunoassay for 七he renin assay usedin   

七he presen七inves七iga七ion enabled us to de七ermine 七he very  

low renin activi七yin七he submaxillary gland froml－ tO4－   

Week－01d male mice．  

工n this s七udyIrenins are deslgna七ed according七0七hei  

average m01ecular weighセセ○七he nea・reS七Wholel，000as  

de七ermined by gelfiltration on Ul七rogelAcA44・This nomen－  

－ 57 －   



clature was also used by Levine e七 al．（28）and Over七urf e七  

al．（38）．  

The f土nding of mos七interestin 七his s七udyis the pre－   

SenCe Of a high m01ecular weight reninin the submaxillary   

gland（Mr＝48，000）．The high m01ecular weihgt renin was   

easily demonstrable in young male miceIbu七 diff－icult 七o   

findin七he ma七ured s七age．Recen七1y，Poulsen e七 al．（18）   

demons七ra七ed 七hat reninin the mouse submaxillary gland was   

Synthesized as 50，000 dal七On Single chain polypeptidein   

Cell－free 七ransla七ion sys七ems．However，thisinactive   

PrOrenin was no七iden七icalto the active renin－48 foundin   

七his s七udy，althoughi七S mOlecular weigh七 was similar． This   

ac七ive high m0lecular weigh七 renin is no七 COnSidered to   

be pre－PrOrenin or prorenin because 七he precursor form are   

inactivein the kidney（41，42）and plasma（63），al七hough   

七heseinactive form of renin are no七 yet detectedin 七he   

extrac七 Of submaxi11ary gland・The high molecular weigh七   

renin may be a complex of renin andi七S binding proteinlike   

七ha七PrOPOSedin 七he kidney（19，20）．  
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CHAPTER V．DEMONSTRAT＝ON AND CHARACTERIZAT工ON OF A H工GH  

MOLECULAR WE＝GHT RENIN 工N THE SUBMAX工LLARY GLAND  

1．SUMMARY  

A high molecular weigh七renin（Mr＝75，000土3，000）was foundin  

七he submaxi11ary gland of adul七 male mice by a sedimen一   

七a七ion equilibrium me七hod． Mos七 reninin the submaxillary   

glandis supposed 七o be 七he high molecular weight form．This   

high m01ecular weigh七 renin was convertedin七O nOrmalrenin   

（Mr＝40，000土3，000）by acidification or dilu七ion and recon－   

S七itu七ed from normalrenin and a renin－binding protein   

frac七ion．The high m01ecular weight renin was also clearly   

SeParated from normalrenin by three cycles of gelfiltra－   

tion・ A renin－binding pro七ein was purified 七o be apparently   

homogeneous on p01yacrylamide gel elec七rophoresis by gel   

fil七ra七ionIPePStatin－aminohexyl－Sepharose 4B column   

Chromatography and DEAE Sepharose CL－6B c01umn chroma七○－   

graphy・＝七S m0lecular weigh七was es七ima七ed to be 25，000 by   

S工）S－POlyacrylamide gelelectrophoresis・The renin－binding   

PrOteininhibited the renin ac七ivity po七en七1y and bound   

renin to form 75IOOO dal七On renin・   ＝七WaS，七herefore，   

COnCluded that the high m01ecular weigh七 renin was composed  

Of normalrenin and a renin－binding pro七ein・  

－ 59 ＿   



2．工NTRODUCT工ON  

Male mice submaxi11ary glands syn七hesizelarge amounts of   

an enzyme whichis very similar to renalreninin m01ecular   

and enzyma七ic proper七ies（13，14）・The mouse submaxillary  

gland（MSG）renin has been easily purified（60，91，92）and   

used as a subs七i七ute for renal renin：the ac七ive si七e of、MSG   

renin was s七udiedin detail（17）；a mRNA of 七he renin was   

is01a．七ed from MSG and transla七ed（18，90）；a COmPle七e   

amino acid sequence of MSG renin andi七S PreCurSOr Were   

de七ermined from七he cDNA（64，89）and the protein prepara七ion   

（65）；mOreOVer，七he pa七hway of renin biosynthesis was   

examinedin MSG（78，88）．  

Since aninitialinvestiga七ion by Boyd（19），a high   

m01ecular weigh七 renin，Whichis considered 七O be a complex   

Of normalrenin and a renin－binding pro七ein，has subse－   

quen七1y been studiedin the kidney，brain and plasma（29，39，   

70，71，77，81，82）． Manyinves七igators have a七temp七ed 七O   

iden七ify 七he high m01ecular weigh七 reninin MSG of an adult  

age by various me七hods such as gelfil七ra七ion（46），  

immunoprecipitation（62），and affini七y c01umn chroma七OgraPhy   

con七aining an七irenin antibodies（91）．However，nO high   

m01ecular weigh七 renin could be demons七ra七ed 七O eXis七in   

MSG． The demons七rable f一orm of renin in MSG has been   

considered 七O be only an active 40）000dalton form・ 工n 七he  
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PreSen七 s七udy，eXistence of a high m01ecular weigh七 renin   

WaS elucidatedin MSG ex七ract by a new method，Sedimen七a七ion   

equilibrium analysis wi七h a 七able七OP air－driven ultracen七ri－   

fuge，and the high molecular weigh七 renin was proved 七O be   

COmPOSed of normalrenin and a renin－binding pro七ein．  

3．MATERIALS AND METHO工）S  

Preparation of the submaxillary gland ex七rac七  The  

Submaxillary gland of adul七 male mice（JCL－ICR，8－Week－01d）   

Were homogenized wi七h4v0lumes buffer（0．01M pyrophospha七e，   

PH 6．5）of the wet weigh七 Of 七he tissuein 七he presence ofl   

rriM diisopropylfluorophospha七e and O．1M NaCl．The homogena七e   

WaS Centrifuged atlOO，000 Ⅹ g for 60 min，and the super－   

na七ant was used as a crude ex七ract．  

Purif、1ca七ion of NormalRenin Frac七ion－A，－B，－C，－D  

and －E renins were ob七ained from the submaxillary gland   

according 七○ 七he me七hod describedin chap七er 工＝・Mixture   

Of 七hose renins was used as normalreninin this s七udy．  

GelFil七ration of 七he Ex七ract The crude ex七rac七（50  

ml）from 七he submaxi11ary glands of 8－Week－01d mice or o七her   

sampLe was applied 七O a Calibrated c01umn（5．0Ⅹ 80 cm）   

Of Ul七rogelAcA44・Renin was elu七ed at a flow ra七e of 56   

ml／h wi七h O．01M pyrophosphate buffer，PH 6．5，COn七aining O．1   

M NaCl．Bovine serum albumin（Mr＝67，000），egg albumin（Mr＝  
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45，000），and α－Chymotrypsinogen（Mr＝25，000），Were uSed as   

S七andard proteinsin 七he es七imation of 七he molecular weight．  

Molecular Weigh七 Determination  Molecular weights of  

renin were determined by a new method，Sedimen七a七ion   

equilibrium analysis wi七h a tabletop air－driven ul七racen七ri－   

fuge．The cen七rifuge was developed to de七ermine 七he   

m0lecular weigh七 Of proteinin 七he crude prepara七ionlevel  

（67，68）．Each sample（100いl），Which containedlkBq 14c－  

me七hyla七ed egg albumin or 14c－methyla七ed bovine serum  

albumin as aninternals七andard，WaS Cen七rifuged a七 35，000   

rpm for 24 h a七 room 七emperature with a Beckrnan Airfuge and   

七hen fractionated according 七O the me七hod of Ueno e七 al・   

（66）．Each fractiona七ed sample（10 い1）was dilu七ed wi七h  

990 いlof0．1M phosphate，PH 6．5，COn七aining O・1％bovine  

serum albumin and analyzed for七he renin ac七ivity and 14c－  

radioac七ivi七y． The m01ecular weights of pro七eins were  

2  calculated from七he plo七S Ofln c versus r ■ The cis  

the concen七ration of solu七ein 七he frac七iona七ed sample and r   

is the radial dis七ance． The solu七e concen七r・ation was shown  

14c－  as 七0七alrenin activi七yin 七he frac七iona七ed sample or．   

radioac七ivity・Assuming globular shape！七he s10Pe Ob七ained  

from the plots was rela七ed七○ 七he m0lecular weigh七（Mr）of a  

pro七ein according七0七he f0110Wing equa七ion： dln c／dr2＝  

MrLu2（1－U占）／2RT，Where uis the partialspecific v01ume of   

七he s0lu七e！Pis 七he solu七ion densi七yJTis 七he absolute  
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七emperature，Ris 七he gas cons七an七 and LOis the angular  

velocity・A value of O・73was assumed for the par七ial  

specific v01umes of renin and o七herinternals七andard   

pro七elns。  

Acidifica七ion The pH of the sample was adjusted to pH  

3．0 wi七h 6N－HCl；七he acidified sample was s七OOd for60 min   

a七 40c；七he pH was readjusted to 6．5 wi七h 6N－NaOH；mOreOVer，   

bovine serum albumin was addedin七0 七he acidified sample 七o   

aセセain a pro七ein concentration oflO mg／mlbefore 七he   

Centrifuga七ion 七O PrOVide densi七y s七abilization・  

Renin assay using a fluorogenic subs七ra七e  The  

StruC七ure of 七he fluorogenic subs七ra七e，Which was syn七he－   

sized byMurakamiet al．（83），is succinyl－Arg－Pro－Phe－His－Leu－   

Leu－Val－Tyr－4－methylcoumaryl－7－amide．Fluorometric renin   

assay was carried ou七 as f0110WS． This procedure measures   

七he ex七en七 of cleavage of 七he Leu－Leu bondin 七he subs七rate   

by the renin actionin 七erms of the 

me七hylcoumarinelibera七ed by the subsequen七 digestion of   

Leu－Val－Tyr－4－me七hylcoumaryl－7－amide withleucine amino－   

PePtidase（Sigma）．The s七andardassay mix七ure con七ained   

250 い10f O．05M pyrophospha七e buffer，PH 6．5，COntaining O．1   

mM zinc ace七ate，25 い10f subs七ra七e（1pmole／4mlof  

dimethylformamide）a．nd・25リlof renin prepara七ion．The  

mix七ure was incuba七ed for 5－15 min a七 370c and the reac七ion   

WaS 七ermina七ed by hea七ingit for 5 min a七100Oc．Af七er・  
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C001ing，50 mUleucine aminopeptidase was added 七O the   

mixture．This final mix七ure was incuba七ed for 90 min a七 370c   

and the amoun七 Of free 7－amino－4－methylcoumarine was   

measured using Hi七achispec七r．0fluorometer mode1204．   

Excitationand emission wavelengths were 380 and 440 nm，   

respec七ively．Theins七rument was standerdized daily so 七haセ   

セhe fluoresencein七ensity ofl・0リM 7－amino－4－methyl－   

COumarine solu七ion gave a fullscale response on a char七   

recorder．  

Renin－inhibi七ory ac七ivi七y  The renin－inhibitory  

（1）De七e工、－  ac七ivi七y was assayed by 七he following 七WO methods・   

mination by using hog plasma renin subs七ra七e：eaCh sample  

（70 pl），elu七ed from a peps七a七in aminohexyl－Sepharose 4B  

c01umn，WaSincuba七ed wi七h30pl（12ng）of pure submaxi－  

11ary gland renin a七 370c for30min！and 七hen the remaining   

ac七ivi七y of reninin theincuba七ed mix七ure was de七ermined by  

the radioimmunoassay of angiotensin＝．（2）Determina七ion by  

using a fluorogenic renin substra．te：eaCh sample（70リ1），  

eluted from a pepstatin－aminohexyl－Separose 4B c01umn or   

DEAE Sepharose CLq6B c0lumnIWaSincuba七ed with30 早lof  

pure submaxi11ary gland renin（0．3 tlg）a七370C for30  

min，and 七hen the remaining ac七ivity of reninin七he mixture   

was determined according 七○ 七he procedure described above・  

For con七r01experimen七S，buffer s01u七ions，（70 pl）ins七ea・d of  

sample s01utions wereincuba七ed with七he renin s0lu七ion・The  
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initialveloci七y of the enzyme reaction could be measured   

under 七hose experimental・COnditions・  

Angio七ensinase ac七ivity  Angiotensinase ac七ivi七y was  

de七ermined by 七he decomposi七ion rate of angio七ensin 工．  

Samples（100い1）wereincubated with40いM angiotensin工  

under the conditionidenticalwi七h tha七 for renin assay，   

and 七he remaining angio七ensin 工 conten七WaS de七ermined by   

七he radioimmunoassay．  

Elicitation of an七irenin antibodies and determina七ion   

Of renin ac七ivi七y by radioimmunoassay of angiotensin ＝ were   

Car・ried ou七 by the me七hods describedin chapterI工・  

4． RESULでS  

a）DernOnS七ra七ion of a high m01ecular weight reninin 七he m（叩早卓   

Submaxillary gland・A crude extract of male mice submaxi－  

11ary gland was prepared as describedin11Materials and   

Me七hods”，and the m01ecular weight of mice submaxillary   

gland renin was estima七ed by 七he f01lowing七wo me七hods・   

a－1）Sedimen七a七ion Equilibrium Analysis  Figure 21 shows 

1inear・relationships be七ween 七he Logari七hm of renin activity   

and the square of the distances from七he center of a rotor  

in a七able七op cen七rifuge・The m01ecular weigh七Of renin was  

calcula七ed七O be 75，000＋3，000（n＝4，Fig．21A）・The  

－ 65 －   
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Fig・21Sedimen七a七ion equilibrium profiles of reninin ●  
七he submaxillary gland ex七ract・   Sedimen七ation？quili－  
brium profiles of renin are presen七edin Fig・A，B and C  
upon 七he submaxillary gland ex七ract）七he acidified ex七rac七  
and 七he dilu七ed ex七rac七，reSPeC七ively． The extrac七 WaS  
acidified a七 PH 3．O and 40c for15 min，and 七hen the pH  
of 七he ex七rac七 WaS readjus七ed a七 6．5 with O．1M NaOH・The  
acidified and dilu七ed ex七rac七S Were Centrifuged af七er七heir・  
PrOtein c。nCen七ra七i。nS Werein？reaSed七010mg／mlby  

Ⅴ 

a。r1＿A 
bovine serum albumin．  

－ 66 －   



m01ecular weigh七 Of renin was decreased to 40，000十3，000   

af七er acidification of 七he extrac七 at pH 3．O and 40c for15   

min or af七er dilution of the extract（1：100）（Fig．21B   

and C）．However，the m01ecular weight of renin was calcu－   

1a七ed 七O be 75，000 even af七er the extrac七 was concentrated   

七0 0ne－half of－its orlglnalv01ume by ul七rafiltration．That   

Of pure normalrenin（0．6 mg／ml）was also de七ermined 七o be   

40，000土3，000（n＝4）． These resul七Sindica七e 七ha七maJOr   

reninin themouse submaxillary glandis 

Weigh七 form（Mr＝75，000）and 七his form was not de七ec七ed by   

七he methods conventiona11y used for－ mOlecular weigh七   

estimation．To confirm 七he above resul七S，the m0lecular   

Weigh七 Ofmouse submaxillary gland renin was analyzed by a   

COnVen七ionalmethod，gelfil七ration．  

a－2）GelFil七ration  As an七icIPated，mOSt renin activi七y  

in 七he submaxi11ary gland was elutedin 七he norma140，000  

dal七On region by gelfiltra七ion（frac七ion工＝in Fig．22A）・   

This resul七is consis七ed with those ob七ained by many   

investiga七OrS（46，62，91）．However，a minor・renin fra・Ction  

appearedin a high m01ecular weigh七region（Fraction＝in   

Fig．22A）．This frac七ion was concen七ra七ed and was applied   

again to 七he same c0lumn・A smallportion of renin ac七ivity，   

which was 3－5％ of 七0七alrenin activi七yin 七he ex七ract，WaS  

observed at a high m01ecular weigh七frac七ion（frac七ion＝＝工  

in Fig．22B）．The frac七ion＝IIwas also concentrated and  

－ 67 －   
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Fig．22 Gelfil七ration profiles of reninin 七he submaxi－  

11ary gland extract on an UltrogelAcA 44 c01umn． The  
renin elu七ion profiles when 七he submaxillary gland extrac七  
WaS aPPlied 七o an Ul七rogelAcA44 c01umn（5．0 Ⅹ 80 cm，Fig．  
A）were presented along wi七h rechromatography of 七he  
fraction ＝ on 七he same column（Fig．B）and rechroma七OgraPhy  
Of 七he fraction＝工＝ on the same c01umn（Fig．C）．Frac七ion  
エ and ＝工＝ were rechroma七ographed after concen七ra七ion 七01ess  
七han 50 mlby ul七rafiltra七ion． The renin ac七ivi七y was  

de七ermined before（－◎－）and af七er（－○－）incuba七ion with 七he  
an七ifrac七ion A renin an七ibodies（1：100d．ilu七ion）for16 h at  
40c．  
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Chroma七OgraPhed on the same colurnn・A high m01ecular weight   

renin was clearly observed at 75IOOO dalton reglOn by 七he  

last gelfiltration（FractionIVin Fig．22C）。  

The ac七ivi七y of renin elu七ed from the c01umn was   

COmPletely neutralized by the anti－renin A antibodies，   

indica七ing 七hat the high m0lecular weight renin was not  

PSeudorenin（48，49）oT Y－renin（72）．The m01ecular weight   

Of、七he high m01ecular weigh七 renin was also determined 七O be   

75，000＋3，000 by a sedimen七ation equilibrium analysis wi七h a   

Beckman Airfuge（Fig．23）．  

b）Formation of a high m0lecular weigh七 renin byincu－  

ba七ion of renin wi七h renin－binding pro七ein fraction  Renin  

in a normalrenin frac七ion（frac七ion工＝in Fig．22）was   

removed by peps七a七in－aminohexyl－Sepharose 4B c0lumn   

Chromatography as describedin 七helegend to Fig・24，and a   

renin－free frac七ion 七hus ob七ained was used as a renin－   

binding pro七ein fraction． A high m01ecular weigh七 renin  

（Mr＝75，000土3，000，n＝4）was observed by the sedimen七a七ion  

equilibrium me七hod（Fig．24）af七er 七he renin－binding protein   

frac七ion wasincuba七ed with pure normalrenin．The concen一   

七ra七ions were the same as 七he onesin 七he submaxillary   

gland ex七ract・ The molecular weigh七 Of 七he normalrenin was  

de七ermined to be40，000土3，000（n＝4）by the same me七hod（Fig・  

24）・This value of40，000土3，000wasin g00d agreemen七wi七h  

ー 69 －   
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Fig・23 Sedimenta七ion equilibrium analysis of a high  
molecular weigh七 renin frac七ion obtained by gelfil七ra七ion．  

Renin con七ainedin 七he frac七ion ＝Ⅴ（Fig．2）was analyzed by  

七he sedimenta七ion equilibrium me七hod af七er 七he protein  
COnCen七ration was adjus七ed 七010mg／mlwi七h bovine serum  
albumin．  
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Fig・24 Sedimen七a七ion equilibrium analysis of pure renin   
incuba七ed with a renin－binding protein frac七ion． Pure renin   

Oflml（0．6 mg／ml）wasincuba．七ed wi七h a renin－binding   
PrO七ein frac七ion oflml（20mg／ml），and aliquo七S（100 いl）   
Were analyzed by sedimenta七ion equilibrium analysis（lef七   
figure）．As a reference，Pur・e renin（0．3mg／ml）was also   
analyzed by 七he method（righ七 figure）．The r・enin－binding   
PrO七ein frac七ion was prepared as fo110WS．The frac七ionlI  

（Mr＝20，000－40，000）in Fig・2Awas applied七。チpePStatin－   
aminohexyl－Sepharose 4B c0lumn（0．5 Ⅹ 20 cm）1n七he presence   
Of O．5M NaCl．The f10Wthrough frac七ion（a renin－free   

frac七ion 工工）was used as a renin－binding pro七ein frac七ion．   
Abbrevia七ions：REN＝N－FREE FR． 工I，renin－free frac七ionl工；  

14c－BSA，14c－me七hylated bovine serum albumin・  
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七ha七 determined by manyinvestigators，uSing different   

me七hods（2，13，46，60，62，91，92）。  

C）Purification of a renin－binding protein The au七hor  

though七 that a renin－binding protein possiblyinhibi七ed   

renin，and 七ried 七ois01ate a renininhibi七or from   

the submaxillary glandin order 七0 0btain a pure renin－   

binding protein．A high m01ecular weight renin frac七ion，the   

frac七ionIlエin Fig．22B，WaS uSed as a star七ing material   

for 七he purifica七ion．The fraction 工＝＝ was applied 七O an  

Ul七rogelAcA44column and 七he frac七ion V was ob七ained（Fig・   

22C）．The frac七ion V，Which con七ained normalrenin and a   

renin－binding pro七ein，WaS aPPlied 七o a peps七a七in－amino－   

hexyl－Sepharose 4B c0lurnn for separa七ing renin from other   

PrO七ein．Renin－inhibi七Ory aC七ivity was eluted by O．5M   

NaClf、rom 七he c0lumn，aS Shownin Fig．25． Theinhibi七Ory   

ac七ivi七y could be measured using 七wo renin substra七es：hog   

angiotensinogen and a fluorogenic subs七rate・  

The renininhibitor preparation was further purified to   

be homogeneous on p01yacrylamide gelelectrophoresis by DEAE  

Sepharose CL－6B c0lumn chroma七OgraPhy（Fig．26 and27）・The  

renin－inhibi七Ory aC七ivi七y，Whichinhibited60％of七he renin  

ac七ivi七y at maximumIWaS eluted from七he c0lumn）aS Shownin   

Fig・26・None of theinhibi七Ory frac七ion decomposed  

angiotensin＝（40 川），Orinhibited七he ac七ivity ofleucine  
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Fig・26・DEAE Sepharose CL－6B c01umn chromatography of a  
renininhibi七Or PrePara七ion ob七ained by peps七a七in－amino－  
hexyl－Sepharose4B c0lumn chroma七OgraPhy of a renin－binding  r・ 

yby 
against O・02M Tris－＝CIIPH8・0，and applied七O a DEAE  
Sepharose CL－6B c0lumn（1．0Ⅹ18cm）previously equilibra七ed  
with0．02M Tris－HCIIPH 8・0・Pro七eins wer・e elu七ed wi七h a  
linear gradient of O－0・3M NaClin七he buf－fer・The renin  
inhibi七Ory aC七ivity was measured using a fluorogenic renin  
substrate（－○－）．The flow ra七e was8ml／h and2mlfrac七ions  
Were COllected．  
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Fig・27・P01yacrylamideslab－gelelectrophoresis of purified  
renininhibitor（renin－binding pro七ein）．   The renin  
inhibi七Ory frac七ion，PreSen七ed by a bracke七in Fig．26，WaS  

COnCentra七ed and aliquots（25 いl）were subjected to a 7．5％－  
P01yacrylamide gelelec七r．ophores！s（工）・Or七O a12・5％SDS－  
P01yacrylamide gelelectrophoresIS（工工）．A protein was  
Stained by Coomassie blue R－250．Abbreviations：BSA，bovine  

Serum albumin；0VA，0Valbumin；α－CTG，α－Chymo七rypsinogen A；  

Mb，myOg10bin；BPB，bromophenolblue．  
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aminopeptidase（50mUnit）under the present experimental  

COndi七ions・The ac七ivity of renin which wasinactivated by   

七he renininhibitor was completely recovered by dilution   

wi七h more thanlO volumes buffer． The r、enin inhibitor did   

not react with antirenin an七ibodies raised against submaxi－   

11ary gland renin．＝ts m0lecular weigh七 WaS eS七ima七ed to be   

25，000by SDS－P01yacrylamide gelelec七rophoresis（Fig．27）．  

The purified renininhibi七Or WaS Checked by sedimen一   

七ation equilibrium analysis whether 七heinhibitor was 七he   

same as the renin－binding protein，One COmPOnent Of 75，000   

dalton renin． The molecular weigh七 of renin was determined   

to be 75，000＋3，000 by 七he analysis af七er、the concen七ra七ed   

renininhibi七or wasincuba七ed with pure submaxillary gland   

renin at 370c for30min（Fig．28）．Tha七 Of pure normal   

renin was calcula七ed 七O be 38，000土3，000 according 七O the   

same me七hod． These resul七sindica七ed 七haセ セhe purified   

renininhibi七Or WaSidenticalwith the renin－binding   

PrOte土n．  

Therefore，100 pg of a renin－binding pro七ein was  

purified from30g of七he submaxillary gland（150mice）by  

七hose chromatography（TableIV）．  

5．D工SCUSSION   

This s七udyis 七he firsセセO demons七ra七e a high molecular  

weigh七 reninin七hemousesubmaxillary gland・A new tech－  
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Fig．28．Sedimen七a七ion equilibriumanalysis of fraction－A  

reninincubated wi七h a pure renininhibi七Or． The renin  

inhibitory frac七ion，Shown by a bracke七in Fig． 26，WaS  

COnCentrated 七0 0ne一七en七h ofi七S Orlglnalv0lume and  
aliquo七s（70再）wereincubated wi七h30心10f fraction－A  
renin（○。3リg）at 370c for30min．Then the molecular weigh七  
Of reninin 七heincuba七ed mix七ure was de七ermined by 七he  
Sedimenta七ion equilibrium me七hod（1eft figure）．Fo工、a  
COntr01 experiment，fraction－A renin（0．3 いg）was analyzed  
by 七he me七hod af七erincuba七ion with70リ10f O・02M Tris－HCl，  

pH8．0，COn七aining0．1％of．bovine serum albumin（righ七  
figure）．  
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nlque，Sedimenta七ion equilibrium analysis with a 七able七OP   

ul七racentrifuge，WaS uSed for the m0lecular weigh七 de七er－   

minationin this study，becauseit has been difficul七 to   

find 七he high m0lecular weigh七 reninin the submaxillary   

gland by conven七ional七echniques．For example，the high   

m0lecular weigh七 renin could hardly be de七ectedin the firs七   

gelfil七ra七ion bu七 Clearly de七ec七ed after 七hree cycles of   

七he gelfiltra七ion on七he same c01umn（Fig．22）．Thisis   

PrObably due 七○ 七he dissocia七ion of high m01ecular weight   

reninin七O nOrmalrenin and renin－binding pro七ein during gel   

f土1七ration．  

The presen七 data ob七ained by the sedimen七a七ion   

equilibrlium analysis also suggesセ セha七 mos七 reninin 七he  

submaxillary glandis a high m01ecular weigh七form（Fig．   

21A）．The high molecular weight renin was conver七edin七o  

normalrenin by acidification or dilution（Fig．21B and C），   

indicating 七haセ セhe high molecular weigh七 renin under s七udy   

is composed of renin and a renin－binding pro七ein・This   

indica七ion was confirmed by a reversible forma七ion of high   

m01ecular weight renin from pure renin and a renin－binding   

PrOtein frac七ion（Fig．24）． These resul七S are Similar七0   

七hose with 七he high m01ecular weigh七 renin from hog kidney  

ex七rac七Which has been s七udied ex七ensively（2，19，66，80）．   

However，七hereis a defini七e differencein七he size and   

o七her proper七ies of high m0lecular weight reninin hog  

＿ 79 ＿   



kidneys andmOuSesubmaxillary glands・The m01ecular weigh七   

Of 75，000 for 七he high m01ecular weight reninin the   

Submaxillary gland obtainedin 七his studyis10Wer than the   

l13，000 reninin hog kidney ex七rac七Which was measured using   

七he same sedimentaion equilibrium method（66）．This result   

is consis七en七 Wi七h the fact that a molecular weigh七 of   

20，000－40，000 for renin－binding proteinin the subma3（illary   

glandislower than 七ha七 Of 56，000in the hog kidney ex七ract   

Which was measured using the same gelfiltration method   

（19，66，82）．Takahashie七 al．（81）purified a renin－binding   

PrOtein from hog kidney ex七ract and obtained a m01ecular   

Weigh七 of 40，000 by S工〕Sqp01yacrylamide gelelectr．ophoresis・   

On the o七her hand，i七S mOlecular weightin 七he submaxi11ary   

gland was es七ima七ed 七O be 25，000 by the electrophoresis   

（Fig．27）． Thus，七he molecular weigh七 Of renin－binding   

PrO七ein probably depends on the species or．0rgan・  

A renininhibi七Or WaS Purified 七O be apparen七Iy homoge－   

neous on polyacrylamide gelelec七rophoresis from the   

Submaxillary gland．（Fig．27）．The pro七ein wasiden七ical七O   

the renin－binding proteinIbecause 七heinhibi七Or bound renin   

m01ecule 七O form 75，000 dal七On renin（Fig．28）andinhibited   

七he renin activi七y reversibly・＝七WaSI七hereforeIeXPeC七ed   

七haセ セhe renin ac七ivi七y of 七he complexIrenin andi七S   

binding pro七ein，COuld be hardly d・eteC七ed・However！aS  
●  

shownin Fig・24and28I七he ac七ivi七y of75†000dal七On renin  

as we11as 七ha七 Of 40，000 dal七On renin could be clearly  
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de七ermined by radioimmunoassay of angiotnsinI．This   

PuZZling result was probably explained by七he f0110Wing  

reasons・The ac七ivi七y of 75，000dal七On renin was assayed  

af七er dilution wi七h more 七hanl000 v01umes bufferin order   

七O adjusセ セhe amoun七 Of angio七ensin＝ produced by the renin  

ac七ion七O the calibra七ed range（50pg／ml－ 600pg／ml）．   

During the dilu七ion，七he 75，000 dal七on renin was altered 七O   

ac七ive 40）000 dal七On renin and the ac七ivi七y of 40，000 dal七On   

renin was measuredins七ead of 七ha七 Of 75IO00 dalton renin，   

because the 75IOOO dal七On renin was conver七iblein七040，000   

dalton renin by dilu七ion（Fig．21）．  

Submaxi11ary gland renin has been demons七ra七ed to be   

Syn七hesized as a preprorenin with molecular weight of45！000   

by cell－free transla七ion experiment using mRNA of renin by  

manyinves七igators（18，86－90）．The renin－binding prot占in  

WaS COnSidered to be distinct from pre－PePtide and pro－   

Pep七ide produced from prepro－ Or PrO－renin，because the   

m01ecular weight of the binding pro七ein waslO 七imeslarger   

七han 七hose of 七he peptides・Moreover・）the renin－binding   

PrO七ein was no七 a degrada七ion product of renin，because none   

Ofimmun010glCalprecIPi七a七ionline was observed be七ween   

renin－binding pro七ein and antirenin an七ibodies on Ouch七er－   

10ny Pla七e・These resul七s sugges七ed 七hat 七he renin－binding   

PrO七ein was enCOded by a gene differed from 七hat of   

renln．  
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CHAPTER V＝．CONCLUDING REMARKS  

Renin，Whichis a carboxylpro七easeIPlays a cen七ral   

r01ein blood pressure－VOlume regula七ion and sodium－   

POtaSSium homeos七asis・Recently†a neW 七ype reninla high   

m01ecular weight 工、enin，has been demonstra七edin 七he kidney   

ex七rac七S and plasma・The high molecular．weight renin has   

been regarded as a complex of renin andits binding protein．   

However，its physi010glCalr01e was no七 elucida七ed，because   

i七is very difficul七 to purify a high m01ecular weigh七   

renin or a renin－binding pro七ein． ＝n this 七hesis，七he   

author studied biochemically  renin and a high m01ecular   

Weight reninin some renin－rich organs of 七WO abnormal   

animals，i．e．七he plasma and kidney of s七roke－PrOne   

SPOntaneOuSly hyper七ensive rat（SHRSP） and the submaxi   

llary gland ofJCL－ICR mouse．  

As describedin chapter ＝＝，七he maJOr form of reninin   

七he plasma of 七he malignant phase of SHRSP was a high   

m0lecular weigh七 renin（Mr＝56，000土2，000，majorisoelectric  

POin七（p＝＝5．7土 0．08）ins七ead of normalcircula七ing renin of  

10W m01ecular form．Such a high molecular weigh七renin（Mr＝   

52，000土 3，600 and p＝＝5．6土0．07）was also de七ectedin 七he   

kidney ex七racts of SHRSP and con七r01Wis七ar Kyoto s七rain of   

rats during allstages of theirlivesIWhen 七he ex七rac七WaS  
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preparedin 七he presence of N－e七hylmaleimide．However，there   

WaS nO differencein the molecular weight andin the p工   

Value of a high molecular weigh七 reninin the kidney ex七rac七   

be七ween Wis七ar Kyoto ra七S and SHRSP．M01ecular proper七ies of   

a high m01ecular weight reninin 七he kidney extracts were   

Similar to 七hosein the plasma of 七he malignan七 phase of   

SHRSP．  

Besides high m01ecula．r weigh七 renin，alow molecular   

Weight renin（Mr＝35，600土2，900and major p＝value＝ 5・15土  

0．05）was als0 0bservedin kidney ex七rac七 Of Wis七ar Kyo七O   

ra七S and SHRSP during allstages of 七heirlives†andi七S   

molecular proper七ies were similar 七0 七hosein 七heir plasma・   

Therefore，a Clear molecular shif七 Of renin was observedin   

七he plasma of the malignan七Phase of SHRSP）bu七no七in 七hei   

kidney extract・During examina七ion of七hese reninsI the   

au七hor found 七hat a high molecular weigh七 renin conver七ed   

七o normalrenin reversibly：a high molecular weight renin   

was not elu七ed by gelfil七ra七ionin the SHRSP－kidney ex七rac七  

prepared untila thiolblockerIN－e七hylmaleimide，WaS added  

in the extract，SuggeSting that a renin binding subs七anCe  

existedin the extrac七． This observa七ion was also confirmed   

in 七he normalra七 and hog kidney ex七rac七s・  

From chap七erエ工I七hrough VI七he au七hor examined a  

high m0lecular weigh七reninin七he submaxi11ary gland of  

JCL一工CR mouse． In chapter工＝工IraPid andlarge－SCale  
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is01a七ion me七hod of 七he submaxillary gland renin was   

es七ablishedin order 七0 0btain pure an七igen and pure normal   

renin which was one componen七 of a high m01ecular weigh七  

renln・Renin was purified about60－f01d by chromatography  

On an affinity c0lumnincluding peps七atin－aminohexyl－   

Sepharose 4B wi七h a high yield of 83％from 七he homogena七e of   

adul七 mouse submaxillary glands・The enzyme obtained by 七he   

One－S七ep purifica七ion was elec七rophore七icallyhomogeneous on   

S工）S－POlyacrylamide geland as ac七ive as an abs0lutely pure   

renin・Administra七ion of nanogram quan七i七y of 七he purified   

enzyme 七O nePhrectomized rats caused a sus七ained rise of   

bl00d pressure and decreasein sensitivi七y of the animalto   

angio七ensin 工工．The enzyme purified by 七he affinity c0lumn   

COuld be separa七edinto five active componenets by chromato－   

graphy on CM－Cellulose．Their renins were 七enta七ively   

referTedas frac七ion－A，－B，－C，－D and －E reninin order of   

elution v01ume． This elution paセセern was similar 七○ 七hat   

Observed when the enzyme was purifiedin 七he presence of   

Various proteaseinhibi七OrS． Each of those renins gave a   

Symmetricalelution profiles on the CM－Ce11ulose c0lumn and   

a discre七e pro七ein band on polyacrylamide gelelec七ropho－   

resis a七 PH 8．6．Fur七hermore，antibodies against frac七ion－A   

Or －D renin were raised from rabbits．This rapid andlarge－   

SCale is01a七ion me七hod elimina七es all four fractiona七ion   

S七eps reported previously by Cohen e七al．（13）for the  
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Purification of mouse submaxillary gland renin．  

The mlgration dis七ance of fraction－D renin was   

differen七 from 七hat of o七her renins on S工）S－POlyacrylamide   

gelelectrophoresisin the presence of di七hio七hrei七0l，   

although allrenins were moved similarlyin 七he absence of   

七he reagen七．Fraction－D renin was mlgra七ed a七 38，000 dal七on   

reglOn and o七her renins were moved a七 33，000 dal七On region by   

七he elec七rophoresis．However，a11five renins wereimmuno－   

10glCallyidentical． These results suggested 七hat frac七ion－   

D renin was al七ered to fraction－A，－B，－C and －E renins by   

ac七ions of some pro七eases during s七Oragein the conv01u七ed   

granular cellof the submaxillary gland or during homoge－   

nlza七10n．  

As describedin chap七er 工Ⅴ，the author measured 七he   

renin ac七ivi七y and 七he m01ecular weigh七 Of reninin the   

Submaxillary glands fromlto 8－Week－01d male mice by   

radioimmunoassay of angiotensin ＝ and by gelfil七ra七ion，   

respec七ively． The renin activity was found 七oincr．ease  

no七ably wi七hincreasing age and七O reaCh a maximumin6－Week－  
5 01dmiceinwhich七he reninac七ivi七ywas7・5Ⅹ10七imes as  

high as tha七 Ofl－Week－01d mice・Moreover）七he author found   

three unfamiliar renins of differen七 molecular weigh七S   

（Mr＝48，000，37，000 and 31，000）in addition七O a nOrmalrenin   

（Mr＝41，000）in 七he 七issue ofl一 七0 3－Week－Old mice・An  
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unfamiliar renin（31，000）increased no七ably a七 6－Week－01d，   

bu七it almos七 disappeared at 7－Week－01d micein which a   

normalreninincreasedand became a maJOr form of renin．The   

renin activi七yin all七hree of 七he unfamiliar renins was   

COmPletelyinhibi七ed by an七ibodies raised agains七pure  

normalrenin（frac七ion－A and－D renin），SuggeS七ing七hat   

all七he unfamiliar renins describedin 七his chap七er have a   

PreCurSOr COmmOn 七O nOrmal renin．  

As describedin chap七er V，a high m01ecular weight  

renin（Mr＝75，000土3，000）was foundin七he submaxillary gland  

Of adul七 male mice by a new me七hod，Sedimentation equili－   

brium analysis wi七h a 七able七OP air－driven ul七racen七rifuge．   

Mos七 reninin 七he submaxillary glandis supposed to be 七he   

high molecular weight form．This high m01ecular weight renin  

WaS COnVertedin七o normalrenin（Mr＝40，000土3，000）by  

acidification or dilu七ion and reconsti七u七ed f－rom normaユ   

renin and a renin－binding protein frac七ion．The high   

m01ecular weigh七 renin was also clearly separated from   

normalrenin by 七hree cycles of gelfil七ra七ion． A renin－   

binding protein was purified 七O be apparen七Iy homogeneous on   

P01yacrylamide gelelec七rophoresis by gelfil七ra七ion，   

PePS七a七in－aminohexyl－Sepharose 4B column chroma七OgraPhy and   

DEAE Sepharose CIJ－6B c01umn chroma七OgraPhy．The renin－   

binding prot占in（Mr＝25，000）inhibi七ed 七he renin ac七ivi七y  
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PO七ently and bound renin to form 75，000 dalton renin．Thus，   

i七WaS COnCluded tha七 the high m0lecular weight renin was   

COmPOSed of normalrenin and a renin－binding pro七ein・  

工n this 七hesis，the au七hor demonstrated high m0lecular  

Weight－（HMW－）reninsin七he plasma and kidney of SHRSP and  

in 七hemouse submaxillary glands（MSG）．Their m01ecular   

Weigh七S Which were es七ima七ed by gelfil七ra七ion were   

differen七 as f0110WS！al七hough molecular weigh七S Of normal   

reninsin those organs and the plasma wer・e Similar（Mr＝   

36，000－42，000）． They were 52，000，56，000，48，000and 75，000   

in 七he plasma a．t malignan七 stage，in 七he kidney，in MSG at   

young age andin MSG a七 adult age，reSPeC七ively．These   

differencesin m01ecular weights are probably due to   

distinc七ions among renin－binding pro七eins containedin those   

HMW－renins．This thoughtis suppor七ed by七he following fac七S・   

The m01ecular weight of HMW－reninin MSG at adult age   

（Mr＝75，000，Chap七er V）was different from tha七in七he hog   

kidney（Mr＝113，000，ref．No＝66）when七heir renins were   

analyzed by a sedimentation equilibrium method・Migra七ion   

distances on SDS－P01yacrylamide gelelectrophoresis were   

diff、erent be七ween purified renin－binding pro七einin MSG  

（Mr＝25，000，Chap七er V）and七hatin七he hog kidney（Mr＝  

40，000，ref．No＝81，82）．Therefore，i七WaS COnCluded七haセ  

セhe m01ecular weigh七Of renin－binding pro七ein，a・七Ieas七，   

depended on 七he species or organ・  
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