FINSKA SUOMEN

KEMISTSAMFUNDETS KEMISTISEURAN
MEDDELANDEN TIEDONANTOJA

REDAKTOR — TOIMITTAJA
Gosta Brunow

Finska __ Y
Kemistsamfundet R g} Kemistiseura

INNEHALL -SISALTO

Terje Enkvist: Ernst Qvist och Edvard Hjelt, glimtar av tva

av samfundets stiftare ....... ..ot e 56

H. B, Wiik: Om maénstenarnas kemiska sammansdttning .......... 68

Johan Bjérksten, Elliott R. Weyer and Stephen M,
Ashman: Study of Low Molecular Weigh Proteolytic Enzymes 70

N:o 4 . ARGANG 80 VUOSIK. . 1971




SAASTAKAA

kayttimalla

EPPENDOREF-
mikrolitrajirjestelméié

tarvitsette vdhemman naytettd, reagensseja ja aikaa

Eppendorf-mikrolitrajarjestelma sopii pienille ja
keskisuurille 1aboratorioille.

Taydennettynd Eppendorf-fotometrilla jarjestelméa
merkitsee tehokasta rationalisointia, ja laitteistolla
voidaan suorittaa runsaasti erilaisia maérityksia.

Eppendorf-jarjestelméa vaatii useimmissa tapauksissa
naytettd vain 10—15 mikrolitraa.

Mukana ohjekirja, jossa valmiit menetelmat yli 30
madritysta varten.

EPPENDORF-
mikrolitrajarjestelman
padosat

W mikrolitrapipetit 5, 10, 20, 50, 100, 200, 500
ja 1000 mikrolitraa

W kertakayttdiset pipetinkarjet (vain kéarjet koske-
tuksissa aineen kanssa)

B sentrifugi 15,000 kierr./min., roottori 12x1,5
ml, katkaisukello

M kertakidyttdiset kannelliset sentri-
fugiputket 1,5 ml

B ravistelulaite 24 putkelle
M termostaatti (Thermoblock)

Suuria kliinis-kemiallisia laboratorioita
varten Eppendorf-analyysiauto- N34
matiikkaa i

LAAKETUKKU OY

Laboratorio-osasto
Vattuniemenkuja 1 Helsinki 20
Puh. 673 191, telex 121374

Vid okat behov av

C V|iam|n och |(a|c|um...

8074

Sitamiinia + kalgiumia
Lwitamin + kalcium

‘avislava ja virkislavd
starkandp och uppiiskend®

Porevit C 1000°

Férpackningar: 10, 3 x 10 och 10 x 10 brustabletter
Smakvarianter: apelsin och citron
Receptfritt pd alla apotek

SANDOZ S A N D O Z Hallonndsgatan 8, Helsingfors 21




B. Braun Melsungen
Apparatebau

Thermomix |l

ar redan ett begrepp

men B. Braun gor dven en stor méngd andra
termostat sdsom

dopptermostat med olika effekt
vattenbad

cirkulationstermostat
kyltermostat

skaktermostat

virmeblock

Narmare uppgifter ger:

A. ILMONEN Ab Mikaelsgatan 19, 00100 Helsingfors 10, tel. 14 577

Finska Kemistsamfundets Meddelanden

Annonspris

pé annonssidor, 1/ sida  150:— i Finland
pé annonssidor, /2 sida 80:— till utlandet
pd bakpidrmen, hela sidan 200:—

Annonser och prenumerationsdrenden

Fil. mag. Bjérn Holm
Kaserngatan 16. A. 10, Helsingfors 13
Telefon 46 04 11/259

Suomen Kemistiseuran Tiedonantoja

Ilmoitushinnat Tilaushinta

ilmoitussivuilla, 1/y siva  150:— Suomessa
ilmoitussivuilla, 1fo sivu 80:— Ulkomailla
takakannessa, koko sivu  200:—

Ilmoitus- ja tilausasiat

Fil. maist. Bjérn Holm
Kasarmikatu 16, A. 10, Helsinki 13
Puhelin 46 04 11/259

Prenumerationspris

15:—
18:—

15:—
18:—

SUOMEN
KEMISTISEURAN
TIEDONANTOJA

FINSKA
KEMISTSAMFUNDETS
MEDDELANDEN

80 drg. 1971 N:o 4 80 yuosik,

Utgiven av—Julkaisija—Publleher
Finska Kemistsamfundet — S Kemistiseura — Chemlcal Society of Finland
Postbox 10476 Postilokero
Helsingfors — Helsinkli

Styrelse—Hal(litus

LARS ANDERSEN — HOLGER SJUBERG — LARS-OLOF THODEN — GUSTA BRUNOW —
ELSA EHRNROOTH — TOR-MAGNUS ENAR] —~ VERONICA SUNDMAN — KARIN SANDELIN
NILS-ERIK ELLFOLK

Sekreterare—Sihteerl
LARS-OLOF THODEN Valhallagatan 3 Valhallankatu, Helsingfors 25 Helsinki, tel, 46 04 11 puh.

Kassor—Rahastonhoitaja
BJORN HOLM, Kaserng, 16 A 10 Kasarmink, Helsingfors 13 Helsinki, tel, 46 0411, 63 96 70 puh.

Arkivarie—Arkistonhoitaja
ANJA ANDERSEN, N. Hesperiag. 7 A P, Hesperlank, Helsingfors 26 Helsinki, tel. 49 08 78 puh.

Redaktor—Toimittaja

GUSTA BRUNOW, Universitetets Kemiska Instltut, S. Hesperiagatan 4 Helsingfors 10 Yliopiston
Kemian Laitos, Et, Hesperiankatu 4 Helsinki 10 tel, 44 01 37 puh,

CONTENTS

Terje Enkvist: Ernst Qvist och Edvard Hjelt, glimtar av tva
av samfundets stiftare ...... ..o i i e 56

H.B. Wiik: Om ménstenarnas kemiska sammansittning .......... 68

Johan Bjérksten, Elliott R. Weyer and Stephen M.
Ashman: Study of Low Molecular Weigh Proteolytic Enzymes 70




— 56 —

Ernst Qvist och Edvard Hjelt, glimtar av tva
av samfundets stiftare
Foredrag vid Finska Kemistsamfundets 80-ars-jubileum 13. 12. 1971

Av Terje Enkvist

I Finska Kemistsamfundets 50-ars historik laser vi bl.a.
foljande:

»I augusti 1891 atervinde den 31-arige docenten i kemi Ossian
Aschan fran en givande ettarig studieresa till Tyskland, . . . och
sammantriffade med sin forna larare, direktorn for Polytekniska
institutet, kansliradet Ernst Quist ... Han maste tala hogt, ty
Qvist var lomhérd och kind for att kunna sla dovorat till da
nagon kom med otrevliga invektiv i lararkollegiet. Nar han ville
det kunde han nog hora ritt bra och det ville han,nu. Aschan
berdattade om Baeyer och indigo, om den nya kemigka industrin
i Tyskland. Det var ... klart att det snart i alla ldnder skulle
bli omdjligt att bedriva kemisk industri utan kemisk-teknisk
forskning i vetenskapens tecken ... Kemisterna hos oss maste
samlas och vickas . .. I Finland skulle grundas Finska Kemist-
samfundet. Det var Qvist som framlade forslaget . . . och inbjod
Aschan och kemiprofessorn vid universitetet Edvard Hjelt, da 36
ar gammal, hem till sig for att gora upp planer. . . Diskussionen
fortsatte in pd smatimmarna ...» Den 3 oktober 1891 holls
sedan det konstituerande méotet pa Kleinehs hotell, ddr utom de
tre initiativtagarna sags 6 andra, mestadels alldeles unga lemis-
ter, bland dem Gust. Komppa.

Av de tre initiativtagarna &r vil Aschan den enda, som
upplevts av flere av samfundets nuvarande medlemmar. Jag skall
nu forséka ge glimtar av de tva andra.

Quist och polytekniska institulet

Initiativet till det polytekniska institutet togs tidigt. Under
franska revolutionen grundades 1795 den berémda Icole Poly-
technique 1 Paris. Redan under den svenska tiden (1802) f6reslog
den kinda kemiprofessorn vid Abo Akademi Johan Gadolin
inrdttande av tekniska skolor pa industriorter i Finland och ett
seminarium med en professor och tvé assistenter for utbildning
av larare for dessa skolor. I utlandet inrdttades polytekniska
institut bl.a. i Prag 1806, i Stockholm 1825, i Képenhamn 1829
och i StPetershurg 1828. Redan 1835 utrifdades i Finland en
férordning som innebar ett principbeslut att inritta ett teknolo-
giskt institut i Helsingfors. Men motstandet var hiart i det av

Edvard Hjelt, ca 1895, Ernst Qvist, direktor fér poly-
tekniska institutet.

byrakrati, Hegels filosofi och sprakgril drabbade Finland. Nar
ett konkret forslag framlades foljande &r forkastades alltsam-
mans och man beslot i stillet inratta tekniska sondagsskolor {6r
hantverkare! Dartill kom tva statsstipendier per ar for teknisk
utbildning utomlands. Ar 1847 upprittades dntligen tekniska
realskolor i Helsingfors, Abo och Vasa, men deras niva var lig.
Ar 1857 foreslogs i samband med den allméinna reformivern
under Alexander 11 pa nytt ett polytekniskt institut i Helsing-
fors, men férslaget motarbetades intensivt dven av dem som
bort veta battre. Sjalvaste J. V. Snellman skrev, att en mekani-
ker ricker till for att stilla upp alla de Angmaskiner den finska
industrin behdver! Betriffande arkitekter var han dubbelt sa
frikostig, ty han medgav att det behévdes tval Darmed lyckades
det att uppskjuta forverkligandet av ett polytekniskt institut
fér ytterligare ca 20 ar framat. Ar 1872 upphdjdes visserligen
den tekniska realskolan i Helsingfors till »polyteknisk skola»,
men forst ar 1879 omvandlades den till ett verkligt polytekniskt
institut.

Ernst Qvist féddes 1 Fredrikshamn 1839. Sedan han avlagt
studentexamen 1857 sag han véarlden, forst tva ar som sjéman
fér om masten pa segelskepp pa manga hav och sedan under
sina studier vid de framstaende polytekniska instituten i Han-
nover och Ziirich 1860—1862. Han blev ldrare i kemi och
naturalhistoria vid den tekniska realskolan i Helsingfors ar 1866
och avancerade senare (1872) till larare i kemisk teknologi vid
den polytekniska skolan, sedermera polytekniska institutet. Han
kvarstod som lérare i &mnet d&nda till 1903.
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Det var forst under den tid Qvist var prodirektor (1874 — 1880)
och direktor (1880—1903) vid Polytekniska institutet som den
utveckling tog fart, som sedan ar 1908 ledde till upprittandet
av Tekniska hogskolan. Da hade redan Qvist — till sin ovansk-
liga ara — blivit avskedad av Bobrikoff fem ar tidigare. Men
Tekniska hogskolan fick Qvist uppleva — han dog ar 1910.
Institutets utveckling var till stor del hans fortjinst.

Qvist var en praktisk man, med bada fétterna pa jorden, och
gemytlig, en hedersknyffel, som kom vil 6verens hade med
kolleger och myndigheter — utom med Bobrikoff, forstis. Bland
studenterna gick Qvist under namnet »Fader vars.

Han hade bedrivit tjirfabrikation tillsammans med sina
bréder bide i Kangasniemi nira St Michel och i Turenki i
Tavastland. Den tiden, d& de forsta jarnvigarna i Finland
byggdes och mineralsmérjoljor ej dnnu tagits i bruk och de
vanliga fetterna ej rickte till behévdes det nya smoérjmedel, och
Qvist synes ha fabricerat smérjoljor ur tratjira genom torrdestil-
lation, Hirvid stétte han pa det kristalliserande kolviitet reten,
som han lit sin medarbetare, sedermera professor Henrik Alfred
Wahlforss underscka vetenskapligt. Qvist stéllde ocksa upp
Finlands forsta cementfabrik i Savio, men den méaste stinga pa
grund av att myndigheterna ej kunde f4 i sitt huvud att inhemsk
cement kunde vara lika bra som den importerade engelska. Man
forstar att han var ivrig att fa till stand en materialprovnings-
anstalt, vilket ocksd lyckades ar 1890. Ur den har Statens tek-
niska forskningsanstalt sedermera utvecklat sig.

Det beriittas att Qvist bedrev en liten affir med att extrahera
dppelsyra ur biren fran de stora rénnar som vixfe pa Polytekets
gard. Qvist leveranser var en lingre tid den enda killan for den
appelsyra som sildes av firman Kahlbaum i Berlin,

I Finska kemistsamfundet holl Qvist styvt pd praktiska,
teknisk-analytiska bidrag till programmet, till skillnad fran de
vetenskapliga, som dock snart genom Aschan och Komppa kom
att dominera. Han var samfundets ordférande 1892, 1894 och
1897. Hedersledamot blev han 1899.

Edvard Hjelt.

Edvard Hjelt (1821 —1921) var en framstaende forskare och
lirare, men genom &dets skickelse blev han mest kind som
historiker, rektor, byggherre till, man kan siga, ett nytt
Kemicum, regeringschef, sjilvstindighetsman, diplomat och
upphovsman till den tyska hjalpen 1918. Man har foérsokt géra
honom ocksd ansvarig for det operettartade valet av en tysk
kung for Finland s& sent som den 9 oktober 1918, blott en minad
fore Tysklands sammanbrott, men har lig nog skulden bade
moraliskt och juridiskt pa riksférestandare Svinhufvud och re-
geringschefen Paasikivi.
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Hjelt blev student vid 17 ars alder och magister med kemi som
huvudédmne vid 20. Han ténkte sig en bana som industrikemist,
men bade hans larare vid universitetet, den sympatiske professor
Chydenius och Ernst Qvist avradde honom och sade att det ej
fanns utsikter till en kemisk industri i Finland. Hjelt lat sig
dock ej avskriickas, fick Ekestubbes stipendium fér 2 ars ut-
landsvistelse, studerade vid polytekniska institutet i Dresden och
praktiserade vid en svavelsyrefabrik i Miigeln, en halv timmes
jirnvigsresa soderut fran Dresden (1875 —1877).

Nir han kom tillbaka till Finland forsokte han fa plats vid en
nystartad svavelsyrefabrik i Abo, dir for dvrigt Ossian Aschan
da praktiserade. Men fabriken leddes av en inkompetent ingenjor
fran Sverige och gjorde konkurs, vilket bragte kemisk industri i
Finland i vanrykte for 25 ar framét.

Ett ar som t.f. kemilirare vid Mustiala lantbruksinstitut gav
Hjelt smak for lirarkallet. Han fick ett stipendium for studier i
kemi i utlandet, nirmast for att gora sig kompetent som lirare
vid blivande industriskolor. Ingen i Finland kunde rada honom
vart han limpligen skulle bege sig. Han reste dirfér forst ver
till Uppsala for att fraga professor Cleve. Denne varnade for
Paris och radde honom att i stillet hege sig till Wislicenus i
Wiirzburg. Dir bérjade Hjelt som den férsta frin Finland
arbeta inom terpen- och kamferomradet, som alltsedan dess sa
ivrigt bearbetats i vart land. Han gjorde foljande sommar en
doktorsavhandling om kamforonsyra firdig hos den berémde
Adolf von Baeyer i Miinchen. Dir arbetade da bl.a. Emil Fischer,
och Hjelt blev bekant ocksd med Erlenmeyer senior, han med
kolven. Hjelt disputerade i Helsingfors i oktober 1879. Kam-
foronsyrans formel var visserligen fel — vilket dock hade sina
forklarliga skiil — men annars var avhandlingen inte alls illa.

Professor Chydenius hade da svart insjuknat och Hjelt hade
inte bara att skota all undervisning i kemi vid universitetet utan
ocksd, att enligt tidens fordringar genom en ny stor avhandling
gora sig kompetent fér professuren.

Han lade manken till. Arbetet om kamforonsyra hade véckt
hans intresse for laktoner. Han arbetade med dem om vintrarna
i Helsingfors och somrarna 1880 och 1881 hos Fittig i Strassburg.
I mars 1882 var den nya avhandlingen firdig. Den var ett
utmirkt verk, som innefattade inte endast ordinir organisk kemi
utan ocksd de forsta i Finland publicerade bestimningarna av
reaktionshastigheter och tillimpningar av van’t Hoffs och Lebels
da splitternya stereokemiska teorier, som gillades av Wislicenus
men kritiserades av Fittig, for att inte tala om den konservative
Kolbe, som Hjelt ocksa hade besokt.

I juli ar 1882 blev Hjelt som enda stkande med firdig avhand-
ling utndmnd till ordinarie professor i kemi vid 27 érs alder.
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Edvard Hjelt var son till professor i patologisk anatomi och,
som det d& hette, statsmedicin Otto Edvard August Hjelt, som
fortfarande satt i konsistorium nér sonen tog site dir. Hemmet
var pietistiskt religiost och Edvard Hjelts uppfostran hade i
huvudsak skétts av hans mor, f6dd Thuneberg, en begavad och
varmhjirtad dam. Edvard Hjelt hade en idealistisk livssyn och
visade i alla livets skiften en hogst aktningsvird pliktkénsla och
idealitet, som visade sig i att han utan att tinka pa bekvim-
lighet och materiella fordelar atog sig ocksd betungande och
otacksamma uppdrag. Bland dem kan nimnas ett arbetsdrygt
och obehagligt revisionsuppdrag da det konstaterats oordning i
kvesturens affirer. Han blev darigenom emellertid ocksé specia-
list pa universitets forvaltning och vann sina kollegers fértro-
ende. I Finska kemistsamfundet var han ordférande 5 ginger
(1893, 1895, 1898, 1901 och 1906) och mycket uppskattad fér sitt
vérdiga sitt att leda férhandlingarna. Karakteriskt nog tog han
sig for det allménna biista att samtidigt att som han var ord-
forande ocksd vara samfundets kassér 1893 — 1895 och &r 1900
finner vi honom som t.f. sekreterare, ett féredémé for senare
tiders barn. Kassorskapet var inte den tiden kanske sa betun-
gande, medlemsavgiften var fem mark, medlemsantalet ca 40 och
saldot uppgick vid hans tilltride till befattningen ar 1893 till
48 mark 72 penni. Hedersledamot blev han &r 1915.

Hjelt var en lysande talare och medryckande, human och
populir lirare. P4 hans tid kunde fiLkand. examen avliggas pa
tre eller t.0.m. endast tva ar, detta trots att han som en nyhet
inférde specialarbetet i kemi.

De personliga uppgifter som nu fsljer 4r tagna ur den sym-
patiska bok om Edvard Hjelt, som skrivit av hans dldsta dotter,
Ester Hjelt-Cajanus.

Hjelts religiosa uppfostran gjorde att han héll séndagsskola,
for vaktmastarnas barn och att han brukade g& omkring i staden
Péd julaftonsdagen tillsammans med sin &ldsta dotter och dela
ut varmbréd at folk som sag hungriga ut.

Hans nira forbundenhet med sin mor under uppvixttiden var
kanske den psykologiska férklaringen till att han gang pa gang
attraherades platoniskt och dygdédelt till damer av den idealis-
tiska sorten. Det hindrade inte honom att vara lyckligt gift och
ha 8 barn. Vi ser ocksa att han senare egnade ett av sina inskrip-
tionstal 4t &mnet »Kvinnorna vid Helsingfors universitety. Da
hade studentskorna forst aret forut befriats fran att av kansler
anhalla on »dispens fran sitt komy.

Annu langt efter det Hjelt blivit professor hade han det mycket
knappt ekonomiskt. Det berodde inte pi att ha ej skulle ha
kunnat hushalla och férsérja sin vixande familj om slutligen 10
personer, utan pa att han i sin vilvilja dessutom férsérjde sin
slarviga dldre bror och hans familj om inalles 8 personer. Nar han
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flyttade in i den stora prefektbostaden vid nuv. Snellmansgatan
hade han under flere ar ej rad att skaffa mébler, utan en del rum
fick st& nédstan tomma.

Hjelt skrev och talade mestadels svenska, men var i princip
finsksinnad och hérde en tid till det ungfinska partiet. 1 forra
seklets Helsingfors flanerade allt herrskapsfolk pa Espen kl. 3 pa
dagen, de svensksinnade pa Norra Espen och de finsksinnade pé
Sodra, bland dem Hjelt.

Han hade ett dvertygande sitt och en utomordentlig formaga
att vicka fortroende eller atmistone tilltro hos bade goda och
onda. Btt utslag av detta var att han upprepade ginger av
oroliga forildrar bade i Tyskland och Finland anfértroddes att
eskortera deras vuxna dottrar pa resor mellan de bada linderna.
Dessa uppdrag fullgjorde han con amore, till bide flickornas och
foriildrarnas belitenhet, Honni soit qui mal y pense!

Det fortroende Hjelt atnjot hjilpte honom att 1886 — 1887 fa
anslag till ett praktiskt taget nytt Kemicum, tillbyggnaden. vid
Regeringsgatan, som allt énnu anvinds, om ocksd Kemicum nu
ar utsatt for vrakning.

Hjelt publicerade 80 arbeten i organisk och 8 i oorganisk och
analytisk kemi, 15 i kemins historia, 6 minnesteckningar, 25
memoarer eller politiska skrifter, 16 akademiska tal och uppsatser
samt manga populira framstillningar. sammanlagt ca 200 ar-
beten. Bland hans organisk-kemiska arbeten mirkes en beskriv-
ning »Die Lactone» i den kinda »Sammlung chemischer Vortriger
Vidare publicerade han om samband mellan sammansittning och
smiltpunkt, o-xylylenbromid och syntes av ftataldehyd, inver-
kan av anilin pa estrar i nirvaro av natriummetall, om sym-
metrisk dietylbarbitursyra, dibromaceton, bérnstenssyrederivat
och om ledum-kamfer. Han utgav flere smirre lirobicker och
tillsammans med Aschan den bade hos oss och i de andra nor-
diska linderna anviinda liroboken i organisk kemi »Hjelt —
Aschamy, var forsta upplaga kom ut ar 1893 och den fjirde ar
1922. Han bidrog med 6500 sidor i Roscoe — Schorlemmers
sAusfiihrliches Lehrbuch der organischen Chemie», vilket vitt{mr
om otrolig flit, lat vara att Aschan deltog i arbetet. Sedan Hjelt
blivit rektor var det tyviirr slut med hans experimentella forsk-
ning. Han kunde dock samla sig till sitt klassiska verk Geschichte
der organischen Chemie, som blev firdigt under forsta virlds-
kriget (1916).

Btt omfattande utredningsarbete »Studier i apoteksfrigan
(1910)» var av stort intresse och forskaffade honom hedersleda-
motskap inte endast i Apotekarforeningen i Finland utan ocksa i
Farmaceutiska foéreningen i Stockholm.

Hjelt var t.f. rektor for universitet redan da februarimanifestet
kungjordes 1899 och han fick som rektor och senare vicekansler
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rida ut de bada perioderna av oférdsar, under nappatag med
bade Bobrikoff och Seyn.

Ar 1899 blev v. Plehwe t.f. kansler for universitetet. Han var
en tysk-ryss av adlig hirkomst, hade gjort karridr i den ryska
hemliga polisen och var férfattare till det olagliga februarimani-
festet. Han kunde dock sprik och hade artigt sitt, till skillnad
fran Bobrikoff.

I april 1900 inspekterade v. Plehwe universitetet och Hjelt
hade stallt till stor férevisning. Bl.a. hade det byggts upp kons-
tiga apparater p4 Kemicum och i studenthuset samlades 300
studenter, bland dem manga kvinnliga, och herrarna alla i frack.
v. Plehwe var imponerad, sade visserligen att samovaren tycks
vara det enda som Finland importerat av den ryska kulturen,
men ocksd att studenterna i Helsingfors sjilv skapat sig en egen
vacker uniform, och dérfér inte behovde den ryska, var &ndamal
nirmast var att délja den smutsiga skjortan.

Bobrikoff och Plehwe véintades samarbeta, men visade sig vara,
hemliga rivaler. Hjelt lyckades, som genom hypnos har det
sagts, f4 Plehwe att anse universitetet som sin domén dér Bobri-
koff inte hade nagot att géra. Genom att spela ut de bada poten-
taterna mot varandra lyckades Hjelt férhindra det virsta. Det
har sagts att efter Per Brahe har ingen inlagt sa stor fortjanst
om Finlands universitet som Hjelt. Men rektors vardag var
vansklig nog. Kosackkravellerna (1902) utspelades pa torget
mellan Kemicum och universitetet och p4 gatan utanfér Hjelts
bostad, dar hans barn stod i fonstren i tredje viningen och
spottade pa kosackerna nedanfor. Eugen Schauman slipade da
sin puukko pa Kemicums slipsten och gick senare tidigt om
morgonen den 16 juni 1904 genom Kemicum &ver till Senaten
dir han gémde sig och senare pa dagen skét Bobrikoff och sig
sjalv. Studenterna spelade en huvudroll i virnpliktsstrejken och
Bobrikoff hotade bade med drastiska straff och med att stinga
universitetet. Det gillde att medla och Gvertala, pruta ner rele-
geringstider och fi gendarmerna att utlimna hiktade studenter
at universitetspedellerna. Virst blev det nir det aktiva mot-
stdndet satte in. F. W. Klingstedt kokade i hop kvicksilverful-
minat som téndsats till en bomb i nattens tysta timmar pa
kvantitativen, men det fick Hjelt aldrig reda pa. Men redan aret
dirférinnan anfortrodde en av Hjelt befriad student (Biaudet)
att en av hanskamrater tillverkat bomber och borde varnas. Hjelt
kalla pa den hidpne bombtillverkaren och fick honom att sinka
sina produkter i havsens djup. Samma kvill fick Hjelt, med kall-
svetten &nnu i pannan, som rektor officiera vid universitetets
hundraéarsfest med anledning av Runebergs fodelse. Efter Bobri-
koffs dod deporterades till Ryssland som repressalie professorerna
R. A. Wrede och Th. (Teppo) Homén — som enligt Plehwe var
sgrand agitateurs — och likasa kuratorn for Nylindska avdel-
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ningen, docenten, sedermera professor Ernst Estlander. Hjelt
reste till Petersburg och schackrade med Plehwe om forvisnings-
orter och tider. Plehwe hade da avancerat till rysk inrikesminis-
ter, men en vecka senare blev han dodad vid ett attentat i St.
Petersburg.

Vid inskriptionen i september 1904 holl Hjelt ett tal som utan
skil kritiserades av studenterna och av tidningar i Sverige som
alltfor underdanigt, samtidigt som den ryska t.f. universitets-
kanslern Oerstroem beskyllde Hjelt for att ha uppviglat studen-
terna genom sitt tal! Studenterna liste upp en protest vid in-
skriptionen och ett par manader senare utlyste de rektorn ove-
tande ett protestmote i Gamla studenthuset for att diskutera
studiestrejk. Det var mot gillande bestimmelser, Hjelt forbjod
métet och lit pedellerna lasa och bevaka dérrarna. Men studen-
terna samlade sig i stora skaror framfor huset och det artade sig
till en »Vanhan valtausy ar 1904, Da gav sig Hjelt sjilv dit, hans
fru (Ida Sofia f. Astrom) viigrade slippa honom dit ensam och
kom med. Hjelt uppmanade studenterna att ga hem, négra
gjorde det men andra kom i stillet. S& kom det bud att en stor
hop studenter fyllde den stora jirntrappan pa Kemicum framfor
prefektbostaden och en del av gatan utanfor. Hjelt begav sig
hem, fick héra pa obehirskat tal, men vigrade ge efter. Saken
hinskots till inspektorskollegiet, som gav honom foértroende-
votum.

Efter storstrejken 1905 blev Hjelt si smaningom senator och
medlem av regeringen, forst pa den vakans som motsvarar den
post i undervisningsministeriet som nu innehas av herr I..oue:
koski, och senare regeringschef — det hette di viceordférande i
senatens ekonomiedepartment. Hjelt eftertriadde Leo Mechelin,
som fatt misstroendevotum i lantdagen av gammalfinnar och
socialister i ohelig allians. Stolypin var nu Rysslands starke man.
Vid tva audienser hos honom fick Hjelt héra honom hota med
beligringstillstand, se honom rita ett kors pa bordet, hora honom
siga »vi har militiren och vi har fastningarna», yom ni ej lyder
iir ni rebeller» osv. Férberedelser vidtogs att bombardera Hel-
singfors fran Sveaborg. Stolypin blev visserligen ar 1911 mérdad
av en av sina egna dubbelagenter, men fértrycket blev bara
viarre. Nar Hjelts senat tog avsked, eftertriddes den forst av en
gammalfinsk senat som blott nigra manader senare maste ge
rum f6r den sk, amiralernas senat av rena ryssar och forryskade
finnar, som stod i intimt samarbete med generalguvenor Seyn.

Hjelt blev nu for ett par ar t.f. kemiprofessor och sedan vice-
kansler for universitetet. T.f. kanslern Markoff var ryss, men
hade gatt i kadettskolan i Fredrikshamn. Han motsatte sig ej
direkt férryskningsitgirderna, men sélade sa mycket han vigade.
Virldskriget brét ut, ett nytt férryskningsmanifest utfirdades i
november 1914 och likasd ett specialprogram att nistan helt




_ 64 —

forryska universitetet med bade foreliisningar och tentamina pa
ryska. Det skulle vara firdigt ar 1920,

Nu blev Hjelt desperat. I motsats till manga bankdirektorer och
industriledare gav han sin vilsignelse at jagarrérelsen, blev ord-
forande i dess »De éldres rady och reste sjilv s vicekansler han
var till Sverige och Danmark ar 1915 och sammantriffade dér
bade med svenska utrikesministern Wallenberg och med tyska
militirattachéer och agenter. Ryssarna fick smaningom reda pa
hans férehavanden och han uppkallades till gendarmférhor i Hel-
singfors i februari 1917, De forberedde en stor landsforrideri-
process, men revolutionen i mars 1917 raddade bade Hjelt och
manga andra.

I augusti 1917 sindes han som representant for sjialvsténdig-
hetsrérelsen till Tyskland. Svinhufvud sade &t honom »skaffa
tyskarna hit, annars reder vi oss inter. 26 november 1917 bestkte
Hjelt Hindenburg och Ludendorff i det tyska higkvarteret och
framlade sjalvstindighetsrorelsens program. Ludendorff Lit hilsa
att Finland borde snarast mojligt forklara sig sjalvstindigt och
vidtaga dtgirder for att driva ut de ryska trupperna. Tyskland
skulle hjilpa med vapen. Ludendorffs budskap inlirdes utantill
av en kurir, som frambefordrade det till Helsingfors. 8 dagar efter
det Ludendorff talat forklarade regeringen Finland sjilvstindigt
och tva dagar senare godkinde lantdagen sjilvstindighetsfor-
klaringen, visserligen efter omrdstning och mot socialisternas
roster.

Den rida statskuppen i Helsingfors 28 januari 1918 var en
6verraskning for bide Hjelt och manga andra. Hjelt lyckade trots
manga svarigheter fa till stind att jigarna och stora vapenlaster
sindes till Vasa. De maste resa civilklidda, ty tyska utrikes-
ministeriet ville inte iventyra de da pagiende vapenstillestands-
forhandlingarna med sovjetregeringen.

I februari stéilldes Hjelt pa tinmarna i templet. Han hade da
blivit officiellt utnamnd till Finlands sindebud i Berlin. Den 11
februari uppsades vapenstillestandet mellan Tyskland och sovjet-
regeringen och skulle upphira en vecka senare. Tyska hogkvar-
teret hade nu fria hinder. 14 februari telegraferade Ludendorff
till Hjelt och uppmanade Finland att sinda en officiell begiran
om bradskande hjalyp.

Hjelt hade nu att fatta ett beslut, som kanske skulle avgora
Finlands ode for lang tid framat. Det fanns ingen anviindbar
telegrafforbindelse med den lagliga regeringen i Vasa, en kurir
av och en skulle behéva minst tio dagar och det nya tyska
falttaget mot Ryssland viintades bli kort. En tysk landstigning
i Finland skulle sannolikt snabbt gora slut pa kriget dir, men den
skulle ocksa mer eller mindre binda Finland vid Tysklands sida
under virldskriget och kanske som lydland under Tyskland for
langa framat.

— 65 —

Tran finska legationen i Stockholm och pa hemliga vigar
direkt fran det av roda besatta Helsingfors kom alarmerande rap-
porter: »Den akademiska ungdomen dr i yttersta fara — de
borgerliga ar i fara att bli mérdade eller d6 av svilt.y En utforlig
rapport undertecknad av representanter fér universitetets tjins-
temannakar, likare och affirsmin bonfoll om snabb militéir
hjalp fran Sverige eller Tyskland —

Hjelt tvekade inte. Tillsammans med professorn i interna-
tionell ritt Rafael Erich avfattade han innu samma dag en
officiell begéran om hjilp bade till den tyska regeringen och
det tyska militira hogkvarteret.

Fem dagar senare startade tyskarna sin &.k. jirnvigsoffensiv,
som inbragte ett ofantligt krigsbyte och forde dem till bide
Reval, Narva och Kiew. Samma dag fick Hjelt ett brev fran
senator Renvall i Vasa, som gav Hjelt ratt att fraga om Tyskland
kunde hjilpa Finland med trupper, av vilka det dock ej skulle
behdvas nagon storre numerdr. Féljande dag var Hjelt igen i
tyska hogkvarteret hos Ludendorff, som utlade planen for den
tyska landstigningen i Finland sidan som den senare ocksad ut-
fordes. Hjelt sinde rapport om detta med kurir till Vasa. Man-
nerheim blev rasande, ty han hade atagit sig 6verbefilet pa villkor
att ingen utlindsk hjilp med trupper skulle begiras. Emellertid
lugnade han sig smaningom och paskyndade t.o.m. senare den
tyska landstigningen, nir offensiven mot Tammerfors ej gick
enligt planerna, De roda visade sig vara storre krigare in vintat.
Hjelt synes ha tagit Mannerheims missnéje ganska lugnt ty Hjelt
var dnnu vid det laget betydligt dldre i tjinsten som moralisk
och politisk ledare och sjilvstindighetskimpe dn Mannerheim.
Den som di levde och svalt i Helsingfors, dér de réda var pa
vippen att inkalla hela befolkningen till arbetstjinst, kan inte
annat in vara tacksam mot Hjelt. Det dar att mirka att den
tyska regeringen och i synnerhet socialisterna i den tyska riks-
dagen var ganska ovilliga att hjilpa det vita Finland.och det
tyska hogkvarteret samlade just d& alla tillgdngliga krafter i
Frankrike for den avgdrande stora offensiven, som skulle sla ut
Frankrike och England innan den amerikanska hjélpen hann
fram. Offensiven borjade sedan den 21 mars, Hjelts hypnotiska
formaga behovdes ocksa for att vinna Ludendorff!

Bild 3 dr ett portratt av Hjelt fran ar 1918. Man ser en viss
yttre likhet med Hindenburg, som han ju ockséd underhandlade
med.

Hjelts sista platoniska flamma hade fatt honom djupt intres-
serad av den tyska teologen och filosofen Johannes Miillers nagot
dimdunkla laror. 1 detta riakade han i sinom tid en sjilsfrande i
den utkorade konungen av Finland, prins Friedrich Karl av
Hessen, som synes ha varit en ansvarskinnade, indtvind och




Edvard, Hijelt, 1918.

nagot sentimental herre, som kallade Finland »das Land der
ernsten Augen». Dirmed tinkte han vil nirmast pa Edvard
Hjelts uppsyn.

1 bérjan av 1919 kunde Hjelt i sin tur hjilpa Ludendorff, som
hotades av de tyska revolutioniirerna. Ludendorff forseddes med
finskt pass under namn av legationsradet Hrik Lindstrém -—
initialerna E. L. i underkldderna skulle passa in pa Erich Luden-
dorff! Med avrakad mustasch och stora brillor paminde den
avdankade faltherren pa ett sliende sdtt om kommerseradet
Lindblom i Abo. Hjelt akte sjilv med i bilen och Ludendorff
klarades 6ver till Sverige. Historien kom ut genom de svenska
tidningarna och Hjelt hade en del att forklara for den nya
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riksférestdndaren Mannerheim, som sedan gammalt inte var god
pa Hijelt.

I avslutningen av sina memoarer skriver Hjelt ar 1920: »Uni-
versitetet har i nigon mén fatt avsta frin sin gamla tryggande
sjilvstyrelse. Man méste hoppas att denna férindring icke skall
hava till f61jd, att universitetets liv och verksamhet gires bero-
ende av den inre partipolitiken och dess vixlingar pa ett siitt,
som vore ogynnsamt for dess vetenskapliga och kulturella upp-
gifter. Men faran att sd kunde gi bor icke limnas obeaktad.»
Det var profetiska ord.




— 68 —

Om maénstenarnas kemiska sammansittning.

Sammandrag av féredrag
vid Finska Kemistsamfundets 80-arsjubileum 13.12.1971.

Av H. B. Wiik

De 4 bemannade Apollo-firderna och den obemannade Luna 16
expeditionen har nu sammanlagt givit oss ca 175 kg mandamm
och méanstenar. Undersékningen av detta material har varit
intensiv. Den bild av manens kemiska sammansittning som gavs
vid den forsta Houstonkongressen i januari 1970, och som pre-
senterades for Kemistsamfundet nagra veckor senarve, har i stort
sett forblivit oférdndrad. Salunda ha vi bekriftat att manens
kemi starkt skiljer sig fran biade jordens och meteoriternas. Det
finnes mera av de svéarflyktiga och mindre av de lattflyktiga
elementen pa manen. Det fanns 10 ggr mera titan, zirkon,
yttrium, krom etc pa4 manen in i jordisk basalt, fnen mycket
mindre H, Cl, Hg, Na, K etc. Egendomliga avvikelser frin denna
flyktighetsregel finnes. Sa ér nickelhalten pa manen férsvinnande
liten i jimforelse med jorden och meteoriterna. D4 jarnhalten
pd minen dr storre borde ocksd nickel- (och kobolt) halterna
vara det. Sa ar inte fallet. Platinametallerna férekommer ocksé
pd ménen sparsammare én pa jorden. De sillsynta jordmetal-
lerna forekomma pa manen tiotal ganger rikligare in pa jorden
och i meteoriterna. Férhallandena mellan dessa element ar dock
desamma dir liksom hér, Ett undantag ir Europium. Kuropium
dr lika ytterst sillsynt pa manen som pa jorden. Man har for-
klarat denna egendomliga anomali med att Europium, som ju
ar bade 2 och 3-virt, p& manen skulle forekomma foretridesvis
2-vért och dérfor anrikats i plagioklasen. Detta mineral skulle
ha kristalliserat tidigt och sjunkit nedat i manskorpan dragande
med sig nistan allt Buropium. Att manen ej lyckats hilla sina
littflyktiga gaser dr ju ganska klart, men vart har det tunga
kvicksilvret tagit vigen. Kolhalten dr ocksd synnerligen lig
och mycket ligre dn pa jorden och i meteoriterna. Mandammet
innehaller dock nagot mera kol och en hel del mera nickel an
méanstenarna. Detta har tytts s& att mandammet innehaller
ca 2 9% meteoritiskt material. Meteoriterna innehélla ju ganska
rikligt C och Ni. All bly pia méanen visade sig vara radiogent.
Uran och toriumforhallandena till de olika radiogena blyiso-
toperna likson K/Ar och Rb/Sr férhallandena har givit oss mé-
nens dlder d.v.s. de tidpunkter dad manens yta stelnade. Som
kint var ju dessa aldvar ytterst hoga (3.3 —4.7 miljarder ar).
Ménen stelnade alltsia samtidigt som jorden, men sammansitt-
ningarna av de tvé stoffmoln varur dessa himlakroppar bildades,
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har antagligen varit en hel del olika. Dessutom kan differentia-
tionen ha haft ett olika férlopp.

En del fakta tyder dock pa att vare sig pa jorden eller manen
differentiationen varit s& grundlig som man tidigare trott.
Tastmer forefaller det som om manstenarna — likasom de
djuptliggande jordiska bergarterna och meteoriterna — sk}_llle
ha en hel del av sin ursprungliga odifferentierade sammansitt-
ning kvar. Statistiska undersokningar av sammansittningarna
visa geometriska serier hos atomproportionerna som sikert skulle
ha forsvunnit om en selektiv differentiation férekommit. —
Intressanta ar de spar efter utdéda radioaktiva nucklider som
forekomma. Sa forekommer Xe'??, som tyder pa att det engdng
funnits J2°. Efter det den nucleara elden slocknade fanns det
alltsa J12° som naturligtvis snabbt borjade sonderfalla. En hel
del J120 fanns emellertid innu kvar da stenarna stelnade annars
skulle vi ju nu inte finna gasen Xe'® inbakad i dem. Dirav
drar vi den for denna forskning si viktiga slutledningen att det
rickte hégst 50 — 300 miljoner ar mellan eldens slocknande och
manskorpans stelnande. — Viktiga resultat dr ju ocksd att vi
nu vet solvindens sammansittning. Den bestod som vintat
av 99 % H men ocksd nagot ddelgaser samt N och C. Inga
biogena féreningar patriffades.
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Study of Low Molecular Weight Proteolytic Enzymes
by Johan Bjorksten, Elliott R. Weyer, and Stephen M. Ashman

Bjorksien Research Laboratories, Ine., Madison, Wisconsin

Summary

A search was made for microorganisms capable of dissolving
insoluble macromolecular fractions from aged mammals. From
such miecroorganisms we obtained proteolytic enzymes which
pass intact wultrafilters and dialysis membranes nominally
cutting off at mol. wt. 10,000 and are retained by membranes
cutting off at 1000 mol. wt. Such enzymes have been found in 3
taxonomically identified and several isolated but unidentified
micro-organisms. N

At least three of these enzymes differ in activation —in-
activation behavior. Molecular weights determined by molec-
ular sieve methods have given values for one of these enzymes
of 5700 + 20 9, and for others in the possible range 5000 — 8000.

Proteolytic properties have been determined by the Congocoll
method, caseinolysis, and by the extent of liberation of tritinm
from the insoluble fraction of muscle tissue of aged rats who
had received tritiated tyrosin at birth.

General Approach

In the study of insoluble, apparently crosslinked macromolec-
ular fractions in organs of old humans and animals difficult to
hydrolyze with any enzyme, the observation was made that
some of these fractions could be fairly easily broken down by
certain living organisms, or with macerates from these organisms,
but not to any comparable degree by any available hydrolytic
enzyme, or enzyme combination.

On the other hand, a very slow but progressive decomposition
could be attained even with ordinary proteolytic enzymes if
these were applied in huge concentration (say equal in weight
to the substrate) and the solutions renewed daily. An explanation
for this observation is that to achieve hydrolysis in these in-
stances we need first of all to overcome steric hindrances. The
slight degree of efficacy of the ordinary hydrolases is consistent
with the view that these can attack the conglomerate molecules
only from the outer surface, while enzymes capable of efficient
attack can better penetrate aggregates and act on a much larger
total surface.

.
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Such a view is consistent with the crosslinkage theory of
aging (1, 2). If the gerogenic high molecular substances have
indeed been formed by cumulative random crosslinkages over
a lifetime, it is to be expected that compact, sterically hindered
agglomerate structures will result, which cannot be easily dis-
solved by highly specific hydrolases, but rather will yield to
enzymes of less specific hydrolytic activity which are capable
of overcoming the steric hindrances and of penetrating into the
compact structures involved. This means that enzymes capable
of hydrolyzing such structures would have to be sufficiently
small to be capable of entering through the meshes even in very
tightly knit conglomerate molecules.

We therefore embarked on a search for such very small
enzymes. This quest can be divided into the following phases:

1. Separation of gerogenic complexes of high resistance to

enzymic hydrolysis.

2. Searching for organisms capable of breaking down such

complexes.

3. Searching for organisms capable of breaking down arti-

ficially heavily crosslinked macromolecular conglomerates.

4, Isolating the active hydrolases from such organisms.

5. Separating the lowest molecular weight fractions of these

enzymes.

6. Studying the effect of such low molecular enzymes on the

gerogenic fractions.

1. Separation of gerogenic complexes from the human brain.

The procedure of isolation followed, in its general outline,
that employed in a previous study of the insoluble fractions of
old human heart tissue(3). 1040 g of cortex from an 80 year old
human brain was dispersed in 10 times its volume of acetone,
to which an equal volume of water was added, and the remaining
solids filtered off and washed 3 times with a smaller volume of
50 %, acetone. After drying, the remaining solids were extracted
with a 2:1 by volume mixture of chloroform and methanol,
using a Soxhlet extractor overnight. To make certain that the
extraction was complete, the residue was dried, pulverized and
re-extracted in the same manner for another night. The remain-
ing material, 90 grams, air dry, now free from water solubles,
fats and phospholipids, was dispersed in water, and digested
with agitation at pH 9-—11 by the addition of 300 ml. n/10
phosphate buffer and 6 mg of ‘“Pronase’ (a protease mixture
containing at least 4 protein hydrolases, from Streptomyces
griseus) for 24 hours at 37°C. As the pH declined during the
hydrolysis, it was readjusted repeatedly by addition of sodium
hydrozxide to bring the alkalinity back to the desired range of
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pH 9—11. “Pronase” was added every 24 hours, while microbial
contamination was suppressed by means of a few drops of toluene.

The material was then separated by centrifugation and
washed with water on the centrifuge until the clear supernatant,
after centrifugation, evaporated on a watch glass without
showing traces of solids. The resultant material, about 15 9,
of the starting material, was insoluble in 8M urea, phenol,
acetamide, formamide, strong detergent solutions with or without
additions of urea or guanidinium chloride, dimethyl sulfoxide,
dichloroethane, hexane, and chloroform-methanol in proportion
2:1. It was also insoluble in 8/ urea and 6 guanidine chloride
with addition of 20 9, of thioglycolic acid or equivalent reducing
agents, and insoluble in alkyl aryl sulfonate detergents, and in
various combinations of the above. Insolubility in anhydrous
hydrofluoric acid further indicated its crosslinked condition(4).
This generally insoluble residue could however be apparently
dissolved by anhydrous hydrazine at room temperatures.

Iy

Similar insoluble fractions could be prepared also from old
human heart, muscles, and liver; and from heart, muscles, liver,
kidney and brain from senile rats.

We initially used the insoluble material from human brains
because we obtained the highest yields of insolubles from that
organ, and because human brains are large and relatively easily
available in comparison with brains from other species of similar
longevity.

2. Searching for organisms capable of breaking down insoluble
fraction from aged human brain.

R. Dubos originated the method of searching for organisms
capable of breaking down substances, by exposing the medium
containing the substance in question as an exclusive source of
a nutrient needed by the organisms. In a variant of this
technique, we dispersed one gram of the insoluble gerogenic
fraction prepared as just stated, in 100 ml of 1.5 %, agar gel,
which was then poured into Petri dishes. These were inoculated
with suspensions of media rich in bacteria, such as rich garden
soil, sand contaminated with proteinaceous substances, sewage
of various kinds, putrefying organic material, or were exposed
to air at various localities.

After incubation for 1—7 days at 37°C, circular halos were
sometimes noted on the agar, indicating solubilization of the
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dispersed insoluble particles. Organisms causing such dissolutions
were subcultured and studied. These organisms proved capable
of attacking and dissolving the enzyme-and-solvent-resistant
fraction from aged human brain.

Several species were found which possessed the halo forming
properties in varying degrees, and with the same wide difference
between strains. Many of these were not identified taxonomically,
but among those which were may be mentioned Streplomyces
coelicolor and Streptomyces annulatus, and Bac. cereus. Consider-
able variation in halo-forming ability existed between strains
of the same species. These were often greater than the differences
between different species.

It would have been interesting to pause here to define the
various organisms, optimize the enzyme production and
specificities of each, determine whether the differences in halo
size depended on molecular weight or on quantity secreted, study
influence of matrix media, pH, temperature gaseous ambient,
activators, inactivators and enzyme induction physiology for
each organism. However, our purpose was beyond this and we
therefore did only the minimum of work necessary to provide
adequate tools for the next step.

It appeared interesting to determine whether these organisms
were also capable of breaking down very heavily cross-
linked insoluble artificially prepared protein agglomerates.
To this end we added 50 grams of para-benzoquinone
(Bastman) to 150 grams of Grayslake pigskin gelatin, (315
Bloom) dissolved in 1 liter of 0.5 molar phosphate buffer, pH 7.7.
After 32 days at room temperature the firm dark gel was broken
up in a Waring Blender, dialyzed against tap water for five days,
washed, filtered on a Buchner funnel and centrifuged many
times with water to remove excess quinone over the following
two weeks. Still impure, the same was left to stand with 500 ml
of 3A alcohol (ethyl alcohol denatured with approximately 5 %,
methyl alcohol) for the next two years. Finally the sample was
Soxhlet extracted with the same solvent for 48 hours, removed,
dried and stored at room temperature for an additional five
years and again re-extracted on Soxhlet as above, prior to use.
This crosslinkage treatment, of more than 7 years duration,
should have allowed adequate time for the crosslinkage agent
present in excess even after the two year standing with alcohol,
to penetrate and to act in most of the possible sites of the large
molecules.

We have chosen for the prime example a preparation made
with p-benzoquinone as the crosslinking agent, because of the
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hydrothermal resistance of the quinone bonds. In this case the
major crosslinking reaction is(5):

| I Ji
|
N
3 <+ — + 2
~
I NH_— \ NH -~ I
o o oH
Protein  Prorein C ROSSLINKED
Peorein

Ciferri, et al, in their careful quantitative studies of the crosslink-
ing reactions (6) (7) have shown that quinone linkagés are incom-
parably more stable than the aldehyde linkages and even more
stable than chromium linkages. While the quinone reaction is
of a single type, there are five competing reactions in the aldehyde
crosslinkage. Although the initial reaction with lower aldehydes
is impressively rapid, the resultant crosslinked products do not
compare in stability with the quinone tannages. Furthermore,
the work done with old hearts tends to emphasize the possibility
of quinone tannages as a factor in long term effects (3).

A second crosslinked product was made with aluminum
tanned material because of the prevalence of aluminum
among those metal ions which increase dramatically in
concentration with age (8), and because of the findings of
Zinsger, Butt and Leonard (9) of X-ray diffraction evidence
in human aorta of crosslinkages which are consistent with the
dimensions of aluminum oxide linkages.

6.6 grams of aluminum acetate (24 9, basic solution — U.S.
Vanadium Corp.) was added to 66.7 grams of casein dissolved
in 450 ml of water to which 9 ml of a 1 molar phosphate buffer
(pH8.0) and 33 ml of 1 N NaOH solution had been added. After
22 days at 53°C the sample was blended with four times its
weight of water, centrifuged and the precipitate transferred
to a Soxhlet extraction thimble where water extraction was
carried out for 66 hours. Finally the sample was extracted with
acetone several times and air dried prior to use as a substrate.

The following tabulation compares the halo formation of
a series of organisms as applied to the insoluble fraction made

— 75 —

from human brain, with those made from the first mentioned
of the above preparations by following the identical preparative
scheme:

Organisms Halo Width on Halo Width on
designation Synthetic insoluble fraction
insoluble fraction from human brain
1. 8 mm 4 mm
2. 4 2
3. 2 2
4. 4 4
5. 8 4
6. 4 2
7. 2 4
8. 12 4
9. 4 2
10. 2 2
11. 8 2

These figures are not completely comparable, as they relate to
separate tests, and observation was made at the time the halos
seemed well enough developed for observation — not necessarily
at identical stages of development. On the whole, however, they
are indicative of a close parallel between the synthetic and
natural insoluble fractions. No amount of waiting would have
enabled the other organisms to match the spectacular 8 — 12 mm
halos of organisms 5, 8 or 11 on artificially crosslinked gelatin.
On the other hand, the inconsistency of organism 7, the only
organism which shows a larger halo on natural than on synthetic
hardcore, might well be due to the fact that these were run
separately, under somewhat different conditions.

It is thus seen that with this one uncertain exception, the
organisms active on the human brain insolubles were at least as
active on the artificially crosslinked proteins, and in all but
possibly one instance, were more active.

It would have been interesting to pause here to determine
the sites and frequencies of the crosslinkages, the degree of
uniformity of the peptide bonds, the amino acid sequences in
the artificially crosslinked media before and after each pre-
parative step. However, our purpose was beyond this and we
therefore did only the minimum amount of work necessary to
provide the tool needed for the isolation of gerolytic organisms.

Isolation of low molecular weight proteolytic hydrolases

A 14 1. Brunswick Fermentor was charged with 10 1. of a
nutrient broth composed of 5 g Bacto Peptone, 3 g yeast extract
powder and 1 g beta-D-glucose per liter of broth (tap water).
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The pH was adjusted to 8.0. It was then inoculated with
240 ml of a shake flask culture of a strain of Bac. cereus. which
had formed a pronounced halo on an insoluble brain fraction sus-
pension in 1.5 9, agar when tested as described above. Fer-
mentation was carried out at 33°C with agitation at 350 rpm
and an airflow at 2000 ml/min., 5 ml of 5 9, “Alkaterge C”
solution in corn oil was used to suppress foaming. After 76
hours, the bacteria were separated with a Sharples super-
centrifuge. The cell-free solution was subjected to ultrafiltration
on an Amicon PM-10 membrane, which provides a barrier for
molecules nominally larger than mol. wt. 10,000 (mfd. by
Amicon Corp., Lexington, Mass.). The filter was checked with
horse heart Cytochromen.c. (MW —12,400) after this filtration,
thus confirming that the filter remained in good condition
during the operation.

The resultant cell free solution was checked for protease
activity by the Congocoll assay method of Nelson, Ciaccio and
Hess(10) in a slightly modified form: pulverized Gongocoll hide
powder dyed with Congo Red was screened through an 80
mesh sieve to eliminate coarser lumps. 20 mg of this fine powder
was added to 1/2 ml of the ultrafiltrate, together with 1/2 ml
of a 0.10 molar solution of tris (hydroxymethyl) aminomethane
adjusted to pH 7.2 with hydrochloric acid. It was then digested
1/2 hour at 34°C with shaking. The material was then filtered
clear, and the filtrate absorbance at 495 nm determined. This
ultrafiltrate showed A 44, =0.87/ml. A control test was made with
the same ultrafiltrate after immersion in boiling water for 5
minutes. This showed a value of 4 ,y;=0.02/ml., showing sub-
stantial inactivation by rapid heating to the boiling point. This
confirms that the effect measured was indeed enzymatic.

An additional 10 ml of ultrafiltrate having nominal mol. wt.
between 1,000 and 10,000 showed an initial activity of
A o ="7.5/ml indicative of the concentration effected by removal
of considerable water by ultrafiltration through the second
membrane. Surprisingly, on standing at room temperature this
activity increased slightly:

0 day 1 day 4 days 5 days 6 days
A 4g5/ml ‘
7.5 8.5 8.4 14.8 10.8

This effect has been noted several times. It has not yet been
established whether it is due to release of an activator, removal
of an inactivator, or to formation of active material by com-
bination of components. It also appears possible that the
enzymes may be initially formed as large molecules and that

some of these are auto — digested giving rise to fragments which
retain enzymically active groups in molecules much smaller
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Fig. 1. Caseinolytic assay of Ultrafiltrate of nominal mol. wt. 1000— 10,000,
from organism 17,

than the original, and that these can then penetrate further into
the aggregate, giving rise to still smaller active enzyme mole-
cules until finally activity begins to decline.

Another halo-forming organism, 14, showed a similar in-
crease of aetivity over the initial. This organism has not yet
been taxonomically identified. It is air borne, showed in Czapek-
Dox nutrient solution a white translucent growth with occasional
white, cottony aerial hyphae. On potato culture it developed
a viscid, slimy mucous sticky tan layer over the surface. This
organism was grown in submerged fermenter culture, under the
following conditions.

Broth: 12 000 ml containing per liter 2.0 g K,HPO,, 1.0 g
H,PO,, 0.20 g MgS0,-7H,0, 7 g casein, tap water to make 1 liter.

Starting pH 7.1

Temperature 34°C

Agitation 400 rpm

Air flow 2000 ml/min,

Antifoam added 50 ml total, Alkaterge C 5 9, in corn oil
Time 137 hours

Final pH 8.1
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After centrifugal separation of the cell mass, ultrafiltration
was carried out (PM-10filter) the membrane was checked with
Cytochrome n.c. to make certain it was undamaged, and the
proteolytic activity determined as above with Congocoll.

The ultrafiltrate through Amicon filter passing molecules
nominally smaller than 10,000 mol. wt. showed the following
proteolytic activities:

Inztial 42 hours 119 hours;
A 4g5/ml
0.22 2.44 0.59

Here is seen another example of an apparent increase in
protease activity on standing, followed by a decline.

Separation of low molecular weight enzymes by dialysis

Four different organisms, ““8”, “12”, “13”, and “14"” were
grown in 250 ml shake flasks, using Peoria Broth until abundant
growth had been established. The broths were Seitz filtered
separately (not ultrafiltered). The cell-free filtrates were then
combined and kept 3 days at room temperature to permit
interaction.

They were then dialyzed in a tube of regenerated cellulose
which did not pass hen eggwhite lysozyme (M.W. = 14,400),
so that a bag containing 5 ml of sterile, enzyme-free Peoria
Broth was inserted in the flask, and shaking continued 3 days.

The exterior fluid gave,in a few minutes, the characteristic
deep orange with Congocoll. The sample from the inner bag
similarly tested released after 30 min. incubation a faint color
from the Congocoll. At the end of 24 hours this color had
deepened until it almost equalled that on the undialyzed side.
The bag was then re-tested with lysozyme in acetate buffer at
pH 4.5 and found impermeable to this enzyme.

The findings of enzyme dialysis under these conditions were
confirmed with two specimens of regenerated cellulose tubing.
Both gave the same positive results using the crude enzyme
mixture stated above: all four Seitz filtrates incubated together,
also all possible combinations of three of these, and further with
six of the possible nine combinations of two-at-a-time. In all
cases the same dialysis tubes were used with lysozyme with no
evidence of porosity to that molecule, also subcultures con-
firmed the sterility of the diffusate.

The use of ultrafiltration proved more convenient as well as
more dependable and rugged for separation of enzymes having
smaller molecules than those previously known — therefore in
subsequent preparation work main reliance was placed on
ultrafiltration.
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Casein hydrolysis assay

In order not to depend wholly on the collagenolytic assay
methods, we also applied the method of casein hydrolysis.

The casein assays were made by Hagihara’s modification of
the Anson and Kunitz casein hydrolysis method(12). We em-
ployed for this the low molecularweight enzyme solution obtained
by ultrafiltration of the fermentor broth obtained as described
above, through “Diaflo” membranes PM10 and UM2 respec-
tively, thus taking the cut between nominal molecular weights
1,000 and 10,000. A linear rate of production of trichloracetic acid
soluble digestion products was found, as shown in Figure 1.

Ultrafiltrate from Organism 17 nominal mol. wt. between 1,000 and 10,000

Casein Method Congocoll Method
30 min. incubation 30 min. incubation

A yp5/ml A g95/ml
Ultrafiltration fraction
1000—10 000 1.00 5.86
Ultrafiltrate before con-
centration on UM2
membrane 0.27 1.80

Assays with tritiated insoluble protein residue

To prepare the tritiated assay substrate, a pregnant Sprague-
Dawley rat was given orally in her drinking water 8 millicuries
of tritiated tyrosin as follows: 2 me seven days before parturition,
2 me daily the first and second days, and 1 me daily the fifth and
sixth days following parturition. The litter born thus received
tritium through the body of their mother, either in the last days
of her pregnancy, or during lactation. They never received any
other radioactive material than this.

A male rat from this litter died of pneumonia at age 480 days.
The muscles were removed as completely as possible, combined,
and all matter that could be dissolved or enzymatically hydro-
lysed using commercially available enzymes, was removed. Some
of the tritium administered at birth still remained in the in-
soluble residue. This tritium is assumed to be in structures
resistant to attack by the catabolic enzymes of the rat.

The muscle tissue separated as above was homogenized in
a Virtis disintegrator, extracted exhaustively with water,
precipitated after extracting with 10 times its volume of acetone,
the precipitate extracted 24 hours by the Soxhlet method using
as solvent a mixture of chloroform and methanol (2:1) so that
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water solubles, fats and phospholipids were effectively removed.
The residue was then dried and re-pulverized, and the extraction
resumed for an additional 5 hours.

After drying the residue was then hydrolysed with ‘“Pronase’.
1.20 g (air dried) of rat muscle residue was digested with 60 mg
of “Pronase’ at 35°C for 68 hours. Every 12 hours pH was re-
adjusted to pH 9 and an additional 30 mg of the enzyme added.
After 68 hours the digestion appeared complete in that radio-
activity in the supernatant fluid showed no further increase.

This residue was washed thoroughly on the centrifuge, to
remove remaining enzyme, dried and pulverized. A 20 mg
sample was combusted in oxygen according to the Thomas-Ogg
method (14). The resultant water, which contained all the
tritium in the sample, was added to a scintillation counting
liquid, 1/2 ml to 15 ml of “cocktail”’, and the radioactivity was
determined on a Beckman 1000 scintillation counter. 440 CPM
were found in the 20 mg sample.

50 mg of the above described tritiated protein residue, already
exhaustively hydrolyzed by ‘“Pronase’ was digested with 2 ml
of ultrafiltrate from a strain of Bac. cereus. The 50 mg of tritiated
insoluble residue contained a tritium activity of 1,100 cpm. An
aliquot of supernatant was removed and counted at the time
intervals shown below. After the 47 hour sample had been taken,
a fresh 3 ml of the enzyme ultrafiltrate was added, and the
digestion continued. The progressive liberation of previously
very firmly bound radioactivity is apparent from the following
table.

Digestion Time

Fresh enzyme ultrafiltrate added,
new count started

lhr | 6hrs. | 23 hrs. | 47 hrs, 1 70 hrs. | 143 hrs.

CPM per ml 28 46 168 606 40 66

CPM for total
supernatent 56 69 168 606 120 165

Itisthus seen that thislow molecular weight enzymewas capable
of dissolving over half of the radioactivity fixed in insoluble resi-
dues from the animal and not liberated by exhaustive “Pronase”
digestion.

In order to determine whether the radioactivity liberated
was really dissolved in the water phase, and not merely sus-
pended in the colloidal state, it was subjected to ultracentrifuga-
tion for 2 hours at 50,000 g. There was no sedimentation of
radioactivity and no visible sign of sedimentation.
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To check the molecular weight with a somewhat different
procedure and a low molecular weight enzyme prepared from a
different organism, we proceeded as follows: A cell-free fermentor
broth of a mutant strain of Bac. cereus., which had a Congocoll
agsay value of A, = 30/ml, purified by presipitations and
ultrafiltrations so as to obtain an enzyme concentrate which
had an activity at its optimum, pH 7.2, of 320 A,y;/ml.

We applied the method of Whitaker (11) for molecular weight
determination for globular proteins. The freshly prepared
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Fig. 2. Enzyme preparation Congocoll activity 320/ml, filtered twice through
Amicon filter nominally holding back mol. wts. above 10,000. Passage through
Biogel-P10 column.,
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ultrafiltrate was passed twice through Amicon filters with
nominal cutoff at 10,000 mol.wt., and then concentrated by ultra-
filtering through Amicon filters with nominal cutoff at 1,000.
This material showed an activity of A,y = 320/ml by the
Congocoll method. A chromatographic column 2.2 % 70 ¢em was
packed with “Biogel P-10", 200—400 mesh (a crosslinked
polyacrylamide gel with resolving power over the molecular
weight range 1,500 to 20,000). The gel had been washed free of
fines and equilibrated 24 hours with 0.1 M Tris-HCI buffer
pH 8.1. Samples were applied in a 1.0 mlvolume and the column
operated at room temperature at a flow rate of 50 ml/hr. The
effluent absorbance at 280 nm was recorded continuously and
5.0 ml fractions were collected. The results of several successive
(calibration and sample) runs on the same column are tabulated
below. Figures 2 and 3 show the experimental records of ab-
sorbance vs. effluent volume for runs 3 and 5 respectively.
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Fig. 3. Calibration (in part) for column of Fig. 2,
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No. of Blue Cyto- Pancreatic Bac. cereus
runs in Dextran chrome ¢ Trypsin Ultrafiltrate
actual M=2x10° M=12,400 Inhibitor, Cone.
sequence M=6,500
1 16 mg; 76 ml  soeesvaniins  WaiiNERRLEE e aidleiiE e
2 ERRREEREE 6 mg; 148 ml 1l mg; 211 ml  ............
+ 6 ml
3 emmaeeamEen  SRRMIRAE SR e 10 mg; 238 ml
4 0.7mg; 78ml  ............ Lioiieiiea. +5ml
5 3.2mg; 76 ml 7 mg; 143 ml 6.5mg; 235 ...l
=+ 10 ml,

From the above data a linear plot was constructed relating
V[V, to log,,M, where V is the elution volume at the peak of
a component, V, is the void volume (determined with blue
dextran), and M is the molecular weight of a component. This
plot is shown is Figure 4 with the region of uncertainty lying
between the two lines. These results yield a molecular weight
of between 6,700 and 4,600, or a mean probable weight of
5,700 4 20 %,. The passage of the material through the column is
accompanied by inactivation, possibly by separation of a co-
factor, or by change of extent of polymerization of the enzyme.

2.8~

2.0

1 | 1 |
3.70 3.80 3.90 4.00 4.10

LOGy M

Fig. 4. Whitaker plot for mol. wt. range estimation from date of Fig. 2 and 3.
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Characterization of three proteases of molecular weight < 10,000
with respect to inhibitors and activators

The assay procedure used was the Congocoll method described
above. The table below shows additions made, and activities
obtained expressed as percent of the control assays on the
ultrafiltrates.
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3223 [ 2+2 |3+D| 388|478 [(g+2| 88 o 2
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488 | 82x Zax|2%s| 28 [282| 38 [583
A owe n & - WA~ | WHHE | RSL [RE~| ® & B~
Organism | 55 9%, 929% | 889% | 1609% |[319% | 1009% [ 09%
8 &
Ultra- (80 % (173 9,
filtrate when re- when re-

checked)* checked)
Orgenism | 27 % 57 %**| 100% | 1009 | 99/ 1009% | 09
12
Ultra- (72 %
filtrate when re-
checked)*

Organism | 108 9, 1329 | 959 | 126 % 97 % | 100% | 0%
13
Ultra-
filtrate

* Some oxidation (formation of insoluble cystine) oceurred in the cysteine
stocksolution overnight — this may account for the observed lessened inhibition.,

** This contained a fine precipitate, probably insoluble calcium phosphate,
since a substantial concentration of inorganie phosphate is present in the
B-broth growth media.

The results shown in the above Table show patterns of response
to potential inhibitors and activators that are typical of
proteolytic enzymes, They also show that the three enzymes
examined are all distinctly different from one another. This can
be seen more easily in the following abbreviated summary of
the agents that affect each enzyme. The code for effects is
(— — —), strong inhibition; (— —), definite inhibition (-),
weak inhibition; (+ + +), strong activation; (4 +), definite
activation; (+ ), weak activation; (0), no effect.

Organism 8 Ultrafiltrate MW 10,000
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Boil (— — —), cysteine (— —), pHMB (+ +), EDTA (- )
Organism 12 Ultrafiltrate MW 10,000
Boil (— — —), eysteine (— —), pHMB (0). EDTA (— — —)
Organism 13 Ultrafiltrate MW 10,000
Boil (— — —), cysteine (0), pHMB (+), EDTA (0)

All of the low molecular enzymes so far observed were
optimally active in the pH range 6.5 to 8.0.

Variability of enzyme content between strains of Bac. cereus

Cultures of several strains of Bac. cereus were grown in shake
flagks 24 and 48 hours, under simulation of the conditions used
in low molecular weight protease fermentor run. The variability
both of total enzyme content, and of the ratio of low molecular
weight protease to total protease, is apparent in the following
table.

Congocoll assay of the ultrafiltrates mol. wt. below 10,000
Ae; values by Congocoll method

bhakegflasle 24 hrs 48 hrs.
incubation time:
Crude Ultrafiltrate Crude Ultra-
broth mol, wt. Broth filtrate
below 10,000
Strain No. 1 0 0.04 0.01
2 7.0 2.92 9.8 0.42
3 0.12 0.08 0.08
4 0 0 0.03
5 3.0 0.66 1.7 0.10
6 1.26 0.14 0.18
f 1.36 0.46= 1.0 0.09
8 9.9 1.9 22.6 2.6
Discussion

The low molecular weight proteases now found in three
defined and a considerable number of taxonomically still un-
defined organisms may provide at least a partial explanation for
the well known ability of many microorganisms to attack
substrates which are resistant to generally recognized enzymes.
This is particularly true of highly crosslinked aggregates. It is
wellrecognized that crosslinkages provide severe steric hindrances.
This is basic for the leather industry, the rubber industry and
a large segment of polymer industry, and appears to be a signifi-
cant factor in the basic chemistry of aging. Smaller enzyme
molecules can obviously penetrate where larger molecules are
sterically hindered.
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The fact that we have already established differences between
at least three protein hydrolases in the molecular weight range
substantially below 10,000 indicates that we may be dealing
with a large family of enzymes previously unrecognized because
of their limited stability, their tendency to polymerize, and
because they are usually accompanied by larger molecular
weight enzymes of similar activity from which they must be
separated to be recognized.

It appears probable that this observation will be found to
apply to many other classes of enzymes, including lipases,
amylases, nucleases, and others.

The hydrolytic enzymes here reported are viewed as early
representatives of a family of substances. It may be appropriate
to call these gerolytic enzymes. It would be fortuitous indeed
if the present examples were not soon superseded by still more
effective and more easily prepared members of the same broad
class of enzymes. We will direct our search toward enzymes
characterized mainly by molecular weights low enough to
penetrate cage structures, and compatibility with li¥ing systems.
The enzymes in hand are being studied further as they represent
the best means now apparent to act upon gerogenic insolubles
under physiological conditions.
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