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~ ABSTRACT

ALTHOUGH THE FIRST PREPARATIONS OF THE HYPOCALCEMI&
" HORMONE , catc1ToNIN (CT), WERE EXTRACTED FROM RAT THYﬁOID
GLANDS, HISTOLOGICAL EVIDENCE SHOWED THAT THE "C" CELL§
WHICH PRODUCE THE HORMONE ARE NOT RESTR!CTEd‘TO THIS GLAND,
' BUT ALSO OCCUR IN THE PARATHYROID AND THYMUS TISSUES OF
MAMMALS. THESE csLLS ARISE EMBéYQLOGlCALLY FROM THE LAST
BRANCHIAL POUCH AND IN NON=MAMMALS THEY FORM A SEPARATE
ULTIMOBRANCHIAL GLAND WHICH?ALSO CONTAINS HY#OCACCEMIC,
ACTIVITY. .THE'WORK osécheEo IN THIS THESIS PROVIDES
EVIDENCE THAT THIS ACTIVITY REgULTS FROM'PpLYPEPleES
STRUCTURALLY SIMILAR TO THOSE ISOLATED FROM MAMMAL AN
THYROID TISSUES AND EXPLORES THE RELATIONSHIP BETWEEN THE
STRUCTURAL AND FUNCTIONAL DIFFERENCES OF THE TWO TYPES OF
CT. |

A SURVEY OF FOUR MAMMALIAN THYROID TISSUES (HUMA~,.
BOVINE, PORCINE AND MUR]NE) AND FOUR NON—MAMMAL IAN ULTIMO—
BRANCHIAL Tlssuss'(runxev} CHICKEN, SALMON AND DOGFISH)'
DEMONSTR%TEP THAT THESE TISSUES CONTAINED HYPOCALCEMIC
POLYPEPTIDEé WITH MOLECULAR WEIGHTS OF AsouT 4000 as DETER-
MINED BY GEL FILTRATION. WHEN EXTRACTS WERE PREPARED USING
AN ORGANIC SOLVéNT MIXTURE DEVELOPED FOR THE THYROID CT's
THE ULTIMOBRANCHIAL TISSUES YIELDED MORE HYPOCALCEMIC
ACTIVITY ON A FRESH WEIGHT BASIS AND THE FINAL PRODUCT HAD
A HIGHER SPECIFIC ACTIVITY. SALMON ULTIMOBRANCHIAL TISSUE
WAS COLLECTED ON A LARGE SCALE AND EXTRACTED TO PROVIDE



MATERIAL FOR CHEMICAL CHARACTERIZATION. A seéles OF THREE
GEL FlLTRAleN_STAGES'ON SEPHADEX 6-50 ALTERNAT;NG W;TH
TWO lo&—excuANcE CHROMATOGRAPHY STAGES ON SE-SEPHADEX C=25
AT TWO pH'; PROVIDED A 300,000 FoLbp PURiFiCATiON AND YiELDED
15 MG OF PURE SALMON CT. AMINO ACID ANALYSIS AND‘RARriAL
CHARACTERIZATION OF TRYPTIC PEPTIDES INDICA}ED THAT THE
ULTIMOBRANCHIAL‘HORMONE WAS A 32 AMINO ACID POLYPEPT;DE wiTH
A DlSULFldg BRIGGE AT THE C~TERMINUS. ALTHOUGH Tﬁess FEATURES
ARE ALSO coﬁmow TO ALL fHE MAMMAL | AN CT's, -THERE AkE-A NUMBER
OF UNIQUE FEATURES IN THE SALMON CT STRUCTURE. |

THESE srRUCTURAL‘olFFERéNcEs WERE ‘ALSO REFLECTED iN'
THE BIOLOGICAL ACTlVIEf dF THE HORMONE.“SALMoﬁvCT QAs_NEAhLY
50 TIMES MORE ACTIVE THAN HUMAN CT IN THE STANDARD BiQASQAY‘

AND THE RESPONSE TO THE SALMON HORMONE WAS PROLONGED. TESTS

IN PLASMA BOTH IN VIVO AND Lﬁ vaRo INDICATED THAT SALEON CT
WAS MUCH MORE STABLE THAN THE WHYRoio CT'S-SUGéEéT;NG'A
'POSSIBLE REASON FOR ITS GREATER POTENCY. A SURVEY oOF Conn
FRACTIONS FROM HUMAN PLASMA SHOWED THAT FRACTIONS i11=-0, V-1
V-4 CONTAINED ENZYMES CAPABLE OF RAP;DLi.bEGRADING_PQRCINE
CT. |IN FURTHER STUDIES ON FRACTION IV=1 A SELECTIVE "cALpl-
TONINASE" WAS PURIFIED BY CHROMATOGRAPHY ON DEAE-SEPHAoex, |
SEPHADEX G-=200 anbD CM—SEPHADEX.‘ THIS ENZYME RAbeLY INAC—-
TIVA%ED édRCtNE CT; BUT HAD NO SIGNiFICANT EFFECT ON SALMON

OR HUMAN CT. SYNTHETIC PORCINE CT WAS DIGESTED WITH THE

ENZYME AND THE RESULTANT PEPTIDES WERE ISOLATED AND IDEN=—

TIFIED. THE NATURE OF THESE PEPTIDES INDICATED THAT THE



ENZ}ME WAS A PEPTIOASE‘VITH A SPECIF‘CITY FOR THE CAkaova
S1DE OF ARGl&lNe RESIDUES. SIMILAR DIGESTIONS OF Pukt N
NATIVE SALMON CT PRODUCED NO PEPT‘DES pRovioiNG AT LEAST A
PARTIAL EXPLANATION FOR THE GREATER srAeiLifv OF Tnjé

HORMONE .. THssé EXPERIMENTS ALSO SHOWED fHAT THE ENZYMEb
WOuLD NOT SPLIT AT ALL ARGININE RESIDUES AND WOULD NOT cLEAvs
BONDS ASSOCIATED WITH OTHER BASIC Rssioues. THE DATA iNni—

- CATED THAT THE ENZYME HAD A MOLECULAR WEIGHT OF ABOUT 30,000
AND PROBABLY WAS DERIVED FROM A PRECURSOR WITH AVMOLgCU?AR |
WEIGHT oF -aBouT 100,000, TeSTs oF THE AcriON OF THE ENZYME
ON FIBRINOGEN SHOVEvaHAT IT WAS NOT THROMBIN. COMPARISON —-
‘OF AVAILABLE DATA WITH THAT FOR OTHER PLASMA ENZYMES INDI—
CATED SIMILARITIES TO THE KALLiKREiN FAMILY OF ENZYMES, BUT.
'fHEA"CALCiTONlNASE" DOES NOT APPEAR TO BE IDENTICAL WITH

ANY OF THE WELL STUDIES MEMBERS OF THIS GROUP.

"
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f. INTRODUCTION

THE FIRST CLEAR EVIDENCE FOR ENDOCRINE CONTROL OF THE
CALCIUM CONCENTRATldN IN PLASMA-CAME .FROM THE WORK OF
MacCaLLumM anO VOEGTLIN IN 1909 (71) WHICH LINKED THE TETANY
FOLLOWING PARATHYROIDECTOMY TO A FALL IN BLOOD CALCIUM., IT
wAS 16 YEARS BEFORE THE ENDOCRINE FUNCTION OF THE PARATHY-
ROIDS WAS CONFIRMED sf EXTRACTION OF AN ACTIVE PARATHYROID
HorRMONE (PTH) BY CoLLiP IN‘1925 (23) AND A FURTHER 34 YEARS
UNTIL THE HORMONE WAS ISOLATED BY AURBACH (6) AND RASMUSSEN
AND CRAIG (101) 1N 1959, ALTHOUGH A FAIRLY CLEAR PICTURE OF
THE FUNCTION OF THE HORMONE HAS EMERGED (42, 93, 5, 120) THE
CHEMISTRY OF THE HORMONE HAS PROVED EXTREMELY DIFFICULT, AND
ONLY THE AMINO ACID COMPOSITION OF PORCINE PTH (70)‘Aﬂ0 A
PARTIAL SEQUENCE OF BOVINE PTH (95) ARE AVAILABLE AT PRESENT.

THE RATE AT WHICH KNOWLEDGE OF THE SECOND CALCIUM REGU=-
LATING HORMONE, CALCITONIN (CT), 1S ACCUMULATING IS VERY
MUCH GREATER. ALTHOUGH IT WAS ONLY RECOGNIZED BY COPP ET AL
(30, 27) 1~ 1961, SYNTHETIC HORMONE WAS PREPARED IN 1968,
TwO YEARS AFTER THE RECOGNITION OF CTy THE PREPARATION OF
ACTIVE EXTRACTS FROM RAT THYROID BY HIRSCH ET AL (56) LED A
NUMBER OF LABORATORIES TO BEGIN WORK ON ISOLATION OF THE
HORMONE FROM MAMMALIAN THYROID TIssue (127, 99, 98, 62, 41,
Q). THIS WORK RESULTED IN THE séQUENCINc ( 8, 96? 82) AND.

sYNTHESIS (50, 107) OF THE HORMONE FROM PORCINE THYROID

-1=



.,
TISSUE AND EVENTUALLY TO SEQUENCES FOR HumMan CT (81) ANo BOVINE
cT (17).

WHILE THE WORK ON THE CHEMISTRY OF THE MAMMALIAN HORMONE
WAS IN PROGRESS, STUDIES ON ORIGIN, CONTROL AND FUNCTION
PROCEDED APACE AND CONSIDERABLE INFORMATION ON THESE PROPERTIES
OF THE HORMONE ARE NOW AvaiLasLe (57, 102, 126, 125). STuolss
ON THE CELL OF ORIGIN FOR CT LEDVTQ EVIDENCE THAT CT was
PRESENT IN NON—MAMMALS.LACKlNG PTHy AND IT IS NOW APPARENT
THAT THIS "SECOND" HORMONE IS PHYLOGENETICALLY MORE PRIMATIVE
THAN PTH. CT MAY WELL HAVE DEVELQPED IN EARLY MAR!&E VERTE;
_BRATES AS A MEANS OF M}:&tAiNlNG CALcuuﬁ coNcenrﬁgrnous_ln
THE BODY FLUIDS AT LEVELS LOWER THAN THE SURROUNDING SEAWATER
(25), wHILE PTH ACTS PRIMARILY TO MAINTAIN HIGH LEVELS OF
CIRCULATING CALCIUM:  IN LAND VERTEBRATES FAcéo WITH AN ENVI=
RONMENT HIGH (N PHOSPHATES AND RELATIVELY Low’iN CALCIUMa(24).

THE INTERACTION OF THESE fwo HORMONES 1§ PROBABLY‘RESPON~
SIBLE FOR THE CLOSE REGULATION OF PLASMA CALCIUM LEVELS [N
MAN WHERE THE DIURNAL FLUCTUATIONs ARE EENERALLY LESS THAN
+ 5% (21). INCREASES IN PLASMA CALCIUM LEVELS OF THIS MAG-
NITUDE (5%) HAVE BEEN‘SHOWN-IO'RESULT IN SIGNIFICANT Rlsss IN
THE SECRETION RATE oF PTH (94) ano IN 1TS CIRCULATING LEVEL
(4). SIMILARLY, DECREASES IN PLASMA CALCIUM LEVELS RESULT
IN AN INCREASE 1IN BOTQ THE SECRETION (20) AND THE CIRCULATING
LEVEL OF CALCfTONIN (4), AN INCREASE IN PTH IN TURN ACTS>TO
RELEASE. CALCIUM STORED IN BONE (100), TO INCREASE CALCIUM
ABSORPTION IN THE GUT (33), TUBULAR REABSORPTION OF CALCIUM

IN THE K1DNEY (90) AND TO INCREASE URINARY EXCRETION OF
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PHOSPHATE (23). ALL OF THESE ACTIONS TEND TO INCREASE PLASMA
CALCIUM LEVELS AND LOWER PLASMA PHOSPHATE LEVELS. AN INCREASE
IN CALCITONIN ON THE OTHER HAND APPARENTLY ACTS PRIMARILY TO
INHIBIT BONE RESORPTION (2, fOO)RESUlenc IN A DECREASE IN
PLASMA CALCIUM. THE TIME COURSE OF THE RESPONSE TO0 PTH 1is
RATHER SLOW AND.IT'IS GENERALLY NEARLY AN HOUR BEFORE THE
EFFECTS OF ITS AleNISTRATION ON PLASMA CALCIUM LEVELS CAN
BE oaésayso., THE MAXIMAL EFFECT MAY NOT OCCUR FOR SEVERAL
HOURS AND MAY PERSIST FOR 24 HOURS OR MORE (24). IN CONTRAST
CALCITONIN ACTS RAPIDLY AND THE MAXIMAL RESPONSE MAY OCCUR
IN LESS THAN ONE HOUR WITH A RETURN TO NORMAL IN A MATTER OF
A Few HOours (31). THEe PICTURE OF CALCIUM HOMEOST‘SIS THAT
THIS SUGGESTS 1S ONE OF EXTREMELY FINE CONTROL BASED ON TWO
NEGATIVE FEEDBACK SYSTEMS ACTING IN OPPOSITION TO MAINTAIN
PLASMA CALCIUM AT A PRECISE SET POINT. ONE COMPONENT Acfé
OVER THE Ldné TERM TO éklss pLAéMA CALCIUM AND THE .SECOND
ACTS RAPIDLY TO LOWER PLASMA CALCIUM AGAINST THE BACKGROUND OF
THE SLOWER COMPONENT THUS ACHIEVING THE PRECISE CONTROL
0BSERVED IN THE INTACT ANIMAL .

AS ELEGANT AS THIS SYSTEM IS THERE IS STILL SOME DouBT
ABOUT ITS VALIDITY AS §IT HAS PROVED DIFFICULT TO DEMONSTRATE
A PHYSIOLOGICAL NEED FOR CALCITONIN, UNTlL RECENTLY THE PTH
SYSTEM HAD PROVED CAPABLE OF MAINTAINING PLASMA CALélun LEVELS
UNDER ALL srResssé EXCEPT SUCH UNNATURAL PROCEDURES AS INFUSION
OF CALCIUM AND PERITONEAL LAVAGES WITH HIGH CALC‘UM,SOLUTIONS
(114). GRAY AND MUNso& (46) HAVE NOW SHOWN THAT THYROIDECTOMI ZED

RATS WITH FUNCTIONING PARATHYROIDS MAY SHOW SIGNIFJCANT PLASMA



—4-
CALCIUM ELEVATION FOLLOWING HIGH CALCIUM MEALS. THUS THERE
ARE 0BVIOUS PARALLELS WITH THE INSULIN-GLUCAGON SYSTEM. How-
EVERy THIS STILL APPEARS TO BE A RELATIVELY MINORAROLE, AND
THE FACT THAT CT CAN BE DETECTED IN SIGNIFICANT QUANTITIES
IN ANIMALS WITH NORMAL PLASMA CALCIUM LEVELS (4) SUGGESTS THAT
LT MAY HAVE ADDITIONAL IMPORTANCE. AMONG THE POSSIBILITIES
SUGGESTED HAVE BEEN A ROLE IN INCREASING BONE DEPOSITION iN
FRACTURE HEALING IN ADULTS (35) AND IN THE FORMATION OF NEW
BONE (N UTERO AND IN EARLY LIFE (43). THIS SECOND POSS I~
BILITY 1S SUPPORTED BY THE OBSERVATIONS THAT THE RESPONSE TO
CT 1S VERY AGE DEPENDENT AND THAT YOUNG ANIMALS HAVE A MUCH
GREATER SENSITIQITY T0 CT THAN OLD.(31); THIS CAN BE READILY
"EXPLAINED IN TERMS OF CALCITONIN'S INHIBITION OF BONE RESORP-
TION, BUT THIS DOES NOT DETRACT FROM ITS POSSIBLE ROLE. THERE
IS ALSO EVIDENCE THAT CT INFLUENCESVTHE RATE OF CALCIUM TRANS—
PORT ACROSS THE MEMBRAQES 0F VARIOUS CELLS (12, 104) SUGGESTING
THAT. IT MAY PLAY A ROLE IN THE CONTROL OF INTRACELLULAR AS WELL
AS EXTRACELLULAR CALCIUM LEVELS. ELUCIDATION OF THE ROLES OF
THESE ENDOCRINE SYSTEMS IN CALCIUM METABOLISM AND HOMEOSTASIS
CLEARLY REQUIRES CHARACTERIZATION OF THE IMPORTANCE OF THESE
AND OTHER PbSSIBLE ACTIONS OF CT,.

THE ANALYSIS OF THE PHYLOGENETIC ORIGIN OF VARIOUS
HORMONES HAS PROVIDED CONSIDERABLE INSIGHT INTO THEIR FUNCTION
(45, 111), BUT LITTLE INFORMATION ALONG THESE LINES WAS AVAIL-
ABLE FOR CTe SUCH ANALYSIS SHOULD INDICATE HOW THE HORMONE
FUNCTIONS IN OTHER SPECIES AND THE IMPORTANCE OF SUCH FUNCTIONS

IN MAMMALS COULD THEN BE ASSESSED. IN 1967 PEARSE AND
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CARVALHE I RA (91) SHOWED THAT THE PARAFOLLICULAR OR "C" CELLS
OF ‘THE MAMMALiAN THYROID ARISE EMBRYOLOGICALLY FROM THE TERMINAL
BRANCHIAL POUCH WHICH IN LOWER VERTEBRATES FORMS A SEPARATE
"GLAND, THE ULTiMOBRANCHIALf IN THE SAME YEAR Copp 51.53 (28,
29, 32) AND TAUBER (124) EXTRACTED POTENT HYPOCALCEMIC FACTORS
FROM THE ULTIMOBRANCHIAL GLANDS OF SEVERAL NON=MAMMALIAN
VERTEBRATES, INCLUDING THE CHICKEN AND THE DOGFISH, BUT THE
RELATION#H]P BETHEEN‘THESE ULTIMbsRA&culnL FACTORS AND THE
MAMMALIAN CALCITONINS Qas ESSENTIALLY UNKNOWN,

THE WORK DESCRIBED IN THE PRESENT STUDY BEGAN AT THIS
POINTy AND WAS AIMED AT A CHEMICAL ankAcreauiArtow OF THE
ULTIMOBRANCHIAL FACTORS TO ESTABLISH THEIR RELATIONSHIP TO THE
MAMMALIAN CALCITONINS., THE BEST APPROACH APPEARED TO BE A
SURVEY OF CERTAIN BASIC FEATURES OF THE HYPOCALCEMIClFACTORS
FROM A NUMBER OF SPECIES, FOLLOWED BY A DETAILED STUDY OF ONE
OF THE ULTIMOBRANCHIAL FAcToés TO ALLOW COMPARISON OF ITs
STRUCTURE TO THAT OF PORCINE CT. AT THE TIME THIS WORK WAS.
BEGUN THE AMINO ACID SEQUENCE OF THE PORCINE MOLECULE WAS STILL
UNKNOWN, BUT INTENSIVE STUDIES WERE UNDERWAY IN A NUMBER OF
LABORATORIES SUGGESTING THAT THIS INFORMATION WOULD SOON BECOME
AVAILABLEs THE DIRECTION o? ANY EURTHER STUDIES DEPENDED ON THE
OUTCOME OF THIS COMPARATIVE SEQUENCE WORK, AND WHETHER THERE
WERE SIGNIFICANT DIFFERENCES OR SIMILARITIES BETWEEN THE ULTIMO-
BRANCHIAL AND THYROID CALCITONINS. THE FINAL CHAPTER oescélaes
A SERIES OF EXPERIMENTS DESIGNED TO CLARIFY THE RELATIONSHIP
OF THE STRUCTURAL DlFFéRENCES FOUND TO THE DIFFERENCES IN

BIOLOGICAL ACTIVITY OBSERVED.



1. MOLECULAR WEIGHTS OF CALCITONINS EXTRACTED FROM ULTIMO~ .
BRANCHIAL AND THYROID TISSUES.*

A. iINTROOUCTION,

THE woRk OF Copp (28, 29). ano Tauser (124) HAD INDICATED
THAT THE ULTIMOBRANCHIAL BODIES OF CERTAIN LOWER VERTEBRATES
CONTAINED HYPOCALCEMIC ACTIVITY SIMILAR TO THAT OF CT FROM
THE MAMMAL[AN THYROID,‘BUT FURTHER EVIDENCE WAS NECESSARY TO
CONFIRM THAT THESE FACTORS WERE CHEMICALLY SIMILAR TO THE
MAMMAL IAN HORMONES. THERE'WAS CONSIDERABLE INFORMATION
SUGGESTING THAT PORCINE CT HAD A MOLECULAR WEIGHT OF ABOUT
"3000 (49, 99) AND 1T wWAS FELT THAT COMPARISON OF THE MOLECULAR
WEIGHTS OF ULTIMOBRANCHIAL FACTORS AND»THYROID_CALCITONINS
WOULD PROVIDE SUCH EVIDENCE. THis TYPE OF COMPARISON COULD
BE MADE FAIRLY EASILY av.cnaonAroanpﬂv OF EXTRACTS FROM THE
VARIOUS GLANDS ON A SEPHADEX COLUMN WHICH MAD BEEN CALIBRATED
WITH MARKERS OF KNOWN MOLECULAR:QEIGHTS (3) usineg THE BIOASSAY
FOR HYPOCALCEMIC ACTIVITY TO DETERMINE THE ELUTION VOLUME OF
THE ACTIVE MOLECULES.,

PRELIMINARY éHRohATOGRAPHv,OF EXTRACTS OF PORCINE THYROID
AND DOGFISH AND CHICKEN ULTIMOBRANCHIAL GLANDS ON SEPHADEX
G-75 (32) HAD SHOWN THAT ALL OF THE!ACTIVE MOLECULES WERE
ELUTED VERY NEAR THE TOTAL 'VOLUME (VT) OF TQE.COLUMN, AND
SINCE THE RELATIONSHIP BETWEEN ELUTION VOLUME AND THE LOG
OF THE MOLECULAR wslcnf BECOMES NON=~LINEAR NEAR Vr(3) THE
LESS POROUS SEPHADEX G=50 was CHOSEN FOR MOLECULAR WEIGHT

*PART OF THE WORK DESCRIBED IN THIS CHAPTER WAS PREVIOUSLY
puBLIsHED (86).

B
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ESTIMATION. UNFORTUNATELY THE ELUTION VOLUME=MOLECULAR

WEIGHT RELATIONSHIP FOR THIS SEPHADEX HAD NOT BEEN DESCRIBED
ADEQUATELY IN THE LITERATURE AND THE NUMBER OF MARKERS AVAIL=~
ABLE IN THE PROPER WEIGHT RANGE WAS LIMITED. |T WAS THEREFORE

NECESSARY TO CHECK THE SMALL MARKERS WHICH WERE AVAILABLE

AGAINST OTHER LARGER MARKERS ON THE BETTER CHARACTERIZED
SepPHADEX G-T75 TO-VER;FY THAT THEY WOULD YIELD THE DESIRED
LINEAR RELATIONSHIP,

THE MOLECULAR WEIGHT STUDIES REQUIRED ACTIVE EXTRACTS
FROM THE THYROID AND ULTIMOBRANCHIAL GLANDS OF A VARIETY OF
SPECIES, AND PREPARATION OF THESE EXTRACTS éROV!DED»AN
"OPPORTUNITY TO EVALUATE EXTRACTION PROCEDURES AND DETERMINE
THE POTENTIALS o% VARIOUS ULTIMOBRANCHIAL TISSUES AS POSSIBLE
SOURCES OF CT FOR FURTHER DETAILED STUDIES. THE |
EARLIER WORK ON ULTIMOBRANCHIAL TISSUES HAD BEEN BASED ON
ACID EXTRACTIONS, A PROCEDURE WHICH 1S USEFUL ON A SMALL
SCALE BECAUSE OF ITS SIMPLICITY BUT WHICH PRODUCES A NUMBER OF
PROBLEMS WHEN SCALED UP. RASMUSSEN ET AL (103) oiscusseo
SUCH PROBLEMS AS PARTIAL HYDROLYSIS AND INCOMPLETE DISSOCIATION
'OF PEPTIDES FROM THE TISSUE IN THEIR REPORT ON THE EXTRACTION
oF PTH, AND THESE SAME PROBLEMS APPLY TO THE EXTRACTION oF CT,
AN EVEN GREATER DRAWBACK TO USE ON A LARcé SCALE IS THAT SUCH
EXTRACTIONS YIELD LARGE VOLUMES OF AQUEOUS SOLUTIONS WHICH ARE
BIFFICULT TO HANDLE AND SINCE THE METHOD 1S RELATIVELY UNSE=
LECTIVE, GENERALLY CONTAIN NUMEROUS PROTEIN COMPONENTS,
GuoMUNDSSON ET AL (48) HAD DEVELOPED A SOLVENT EXTRACTION

PROCEDURE FOR PORCINE CT WHICH PRODUCED A HIGHLY PURIFIED
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PRODUCT IN A CONVENIENT FORM, AND PRELIMINARY WORK (32)

INDICATED THAT IT WOULD ALSO BE SUITABLE FOR ULTIMOBRANCHIAL

MATERIALS. TH1S RELATIVELY SELECTIVE PROCEDURE HAD THE ADDED

ADVANTAGE»OF PROVIDING FURTHER EVIDENCE OF THE SIMILARITY OF
THE CALCITONINS FROM VARIOUS SOURCES. SELECTION OF THE

SPECIES TO BE STUDIED WAS BASED PRIMARILY ON THE AVAILABILITY

OF ANIMALS, THE EASE OF GLAND REMOVAL AND THE SPECIFIC ACTIVITY

OF THE GLANDS AS SEEN IN ACID EXTRACTIONS SINCE ONE OF THE
SPECIES WOULD EVENTUALLY BE SELECTED FOR FURTHER STUDY AND
LARGE QUANTITIES OF STARTING MATERIAL WOULO BE NEEDED. AN
EFFORT WAS ALSO MADE TO SELECT A FAIRLY BROAD SPECTRUM OF
SPECIES SO THAT THE INFORMATION OBTAINED WOULD BE GENERALLY

APPLICABLE.

- Be EXTRACTIONS.,

1. METHbos.
Ae |ISOLATION AND PREPARATION OF GLANDS.

, THE INITIAL STEP PRIOR TO HORMONE EXTRACTION.WAS THE
COLLECTION OF surrnélsnr QUANTITIES OF THYROID AND ULTIMO-
ABRANCHIAL TlssuE FROM THE VARIOUS SPECIES TO YIELD ADEQUATE

PRODUCT FOR STUDY. THE TWO AVIAN SPECIES STUDIED, TURKEY

(MELEAGRA GALLAPAVO) AND DOMESTIC FOwL (GALLUS DOMESTICUS)

ARE BOTH RAISED COMMERCIALLY AND THE GLANDS COULD BE COLLECTED

AT THE PROCESSING PLANT AS THEY FORM A PART OF THE VISCERA
WHICH ARE NORMALLY DISCARDED., THE ULTIMOBRANCHIAL GLANDS IN
BOTH BIRDS ARE BILATERIAL AND LIE ALONG THE COMMON CAROTID

ARTERIES NEAR THE ORIGIN OF THE SUBCLAVIAN ARTERY. THEIR

RELATIONSHIP TO THE TWO PARATHYROID GLANDS AND THE THYRO!O s



Thyroids

Jugular Vein __ Parathyroids

«J! —

ACarotid

Ficure 1. LOCATION OF AVIAN ULTIMOBRANCHIAL GLANDS.
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INDICATED N FIGURE 1, THE GLANDS WERE SEPARATED FROM
SURROUNDING TISSUE AND FROZEN ON ORY ICE.

THE SALMON GLANDS WERE ALSO COLLECTED AT A COMMERCIAL
PROCESSING PLANT. WHEN THE HEADS OF THE FISH ARE REMOVED
THE TRANSVERSE SEPTUM IS EXPOSED AS THE POSTERIOR END OF THE
HEAD PORTION ALLOWING RELATIVELY EASY 1SOLATION OF THE
GLANquuAR MATERIAL, WHICH FORMS A DIFFUSE BAND OF TISSUE ON
THE ANTERIOR SURFACE OF TﬁE'SEPTUM; THE MAJORITY OF THE
GLANDULAR TISSUE LIES BETWEEN THE DIAPHRAGM AND THE SINUS
VENOSUS SLIGHTLY VENTRAL TO THE ESOPHAGUS., BECAUSE OF THE
DIFFUSE NATURE OF THE GLAND THE ENTIRE SEPTUM WAS REMOVED,
FROZEN AND EXTRACTED. MOST OF THE SALMON PROCESSED WERE

CHUM, SOCKEYE OR COHO (ONCERHYNCHUS KETAs KISUTCH OR NERKA)

AND NO EFFORT WAS MADE TO DIFFERENTIATE BETWEEN THESE SPECIES,

DoGFiISH (SQUALUS SUCKLEY!) ARE COMMON IN LOCAL WATERS

AND WERE CAUGHT AND énocesseo COMMERCIALLY FOR A TIME,

DURING THIS PERIOD GLANDS WERE COLLECTED FROM THE CARCASSES

OF PROCESSED FISH, BUT WHEN THE FEDERAL SUBSIDY FOR THIS TYPE
OF FISHING WAS TERMINATED IT BECAME NECESSARY TO coLLecr GLANDS
FROM WHOLE FISH PACKED IN ICE AND DELIVERED TO THE LABORATORY.
THIS SITUATION WAS LESS THAN SATISFACTORY, BUT SINCE SQUALUS
WAS THE MOST PRIMATIVE GENUS SHOWN TO PRODUCE HYPOCALCEM!C
FACTORS IT WAS ESSENTIAL THAT IT BE STUDIED. THE ULTIMO-
BRANCHIAL GLAND CONSISTS OF NUMEROUS VASCULAR FOLL ICLES
LOCATED BENEATH THE FLOOR OF THE PHARYNX ON THE LEFT SIDE AT
THE JUNCTURE WITH THE ESOPHAGUS. |IT IS POSITIONED BETWEEN

THE PHARYNX AND THE PERICARDIUM N THE TRIANGLE FORMED BY THE
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BASIBRANCHIAL AND CERATOBRANCHIAL CARTILAGES AND THE CORACO=-
BRANCHIAL MUSCLEs AS WITH THE SALMON ISOLATION IT lé DIFF |-
CULT AND LARGE AMOUNTS OF CONNECTIVE TISSUE ARE PRESENT IN
THE MATERIAL ExrRAcfED.

BECAUSE OF THE HIGH PROTEOLYTIC ENZYME ACTIVITY IN THE
THYROID IT WAS IMPERATIVE THAT THESE GLANDS BE FROZEN IMME=-
DIATELY AFTER REMOVALe. FOR THIS REASON.THE SAMPLE OF HUMAN
THYROID EXTRACT WAS OBTAINED DUQ}NG A PARTIAL THYROIDECTOMY
ON A PATIENT AT THé Vﬂncouven GENERAL HOSPITAL AND FROZEN ON

DRY ICEs THE RAT THYROIDS WERE FROZEN ON DRY ICE IMMEDIATELY

- AFTER REMOVAL FROM THE ANIMAL.

PORCINE AND BOVINE EXTRACTS WERE PREPARED FROM COMMERCIAL
ACETONE ORIED, DEFATTED THYROID POWDERS PURCHASED FROM WILSON
LABORATORIESy CHICAGO, ILLINOIS.

IN ALL CASES WHERE FRESH OR FROZEN GLANDS WERE USED THE
TISSUES WERE Hdnoce~|zgo, DRIED A~o DEFATTED PRIOR TO
EXTRACTION., TwO METHODS WERE USED FOR TH!ISe. THE FIRST METHOD
WAS A STANDARD ACETONE DRYING PROCEDURE IN WHICH GLANDS WERE
Hdmoceuazso {N A WARING BLENDER IN COLD (4° C) Aceroue; THE
HOMOGENATE WAS THEN CENTRIFUGED AND THE SUPERNATE DISCARDED.
THEAPRECIPITATE wAs WASHED WITH FRESH, COLD ACETONE . AND
RECENTRIFUGED. THIS WASHING énocsouns WAS REPEATED A NUMBER
OF TIMES UNTIL THE ADDITION OF WATER TO THE SUPERNATE NO
LONGER CAUSED CLOUDING, INDICATING THE ABSENCE OF LIPID
FROM THE ACETONE. THE REMAlNlNG MATERIAL, WHEN DRIED IN A
STREAM OF AIR IN A BUCHNER FUNNEL, PRODUCED A LIGHT, BUFF=-

COLORED POVWDER READY FOR EXTRACTION,
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ACEfONE-DRYING'REQUIRED LARGE AMOUNTS o? TIME AND
MATERIALS, AND WAS NOT REALLY suurABLE FOR LARGE SCALE EXTRAC-
TIONS: THLS WAS ESPECIALL+ TRUE-FOR THE AVIAN GLANDS WHICH
WERE EMBEDDED IN ADIPOSE TISSUE THATlCOULD ONLY BE REMOVED
WITH GREAT DIFFICULTY. OTHER METHODS WERE EXAMINED, AND . THE
MOST ATTRACTIVE OF THESE APPEARED TO BE THAT OF E. LEVIN (69),
WHICH USED 1,2-0|§HL0R0£THANE TO EXTRACT THE LIPID. AFTER
fHE GLANDS HAD BEEN Homoéawlzeo IN THE SOLVENT, THE MIXTURE
WAS DISTILLED UNDER REDUCED PRESSURE AND A LOW=BOILING,
SOLVENT=WATER AZEOTROPE REMOVED. THE REMAINING SOLVENT
CONTAINING THE L1PID WAS REMOVED FROM THE PELLET;LIKE GLAN=-
DULAR MATERIAL BY FILTRAfIONvAND REDISTILLED ALONG WITH THE
IMMISIBLE SOLVENT LAYER FROMVTHE AZEOTROPIC MIXTURE TO RECOVER
THE SOLVENT. THE PELLETS WERE WASHED WITH SOLVENT ON THE

FILTER FUNNEL.AND AIR DRIED,

B. EXTRACTION PROCEDURES.

THE DRIED, DEFATTED Powosés WERE EXTRACTED, USING MODI-
FICATIONS OF |THE METHOD DESCRIBED BY GUDMUNDSSON ET AL (48).
IN THE aNnrlkL EXTRACTION.AND PRECIPITA*ION STAGE WHICH WAS
USED IN ALL EXPERIMENTS, 100 ¢ OF #oyosk IS STIRRED GENTLY
FOR 12 HOURS AT ROOM TEMPERATURE IN‘1.5 L OF BUTANOL: ACETIC
Actio: WATER (75: T7.53 21) AND THEN FILTERED. THE‘RESlDUE‘VAS
STIRRED AGAIN IN 750 ML OF SOLVENT FOR 4 HOURS AND FILTERED,
THE FILTRATE FROM THE FIRST TwO‘STEPS WAS POOLED wiTH 300 mL

OF SOLVENT FROM A THIRD WASH AND COOLED TO -10° C. FiveE VOLUMES
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OF ACETONE PREVIOUSLY COOLED TO =10°C (APPROXIMATELY .12.5 L)
WAS STIRRED INTO THE POOLED FILTRATE AND THE MIXTURE ALLOWED
TO STAND FOR 48 HOURS.AT -10° C. THE MAJORITY OF THE LI1QUID
COULD THEN BE ASPIRATED OFF AND DISCARDED. THE REMAINING
SLURRY WAS CENTRIFUGED AT -10° C AND‘THE SUPERNATE DISCARDED.
THE PRECIPITATE WAS WASHED TWICE IN Aéour 2 L OF -10° ¢
ACETONE AND DRIED IN THE CENTRIFUGE BOTTLES UNDER 4 STREAM
OF NITROGEN,

THE RESULTANT PRECIPITATE COULD THEN BE TREATED IN SEVERAL
ALTERNATE WAYS. THE PROCEDURE OF GUDMUNDSSON ET AL (48) was
FOLLOWED ON THE BOVINE AND PORCINE THYROID POWDERS. THE DRIED
PRECIPITATE WAS EXTRACTED WITH 250 ML oF 70% ETHANOL, PH 5.5,
FOR 2 HOURS AND CENTRIFUGED. THE PRECIPITATE WAS THEN RESUS-
PENDED IN 125 ML AND THE PROCESS REPEATED. THE TwO gUPERNATES
’wsns POOLED AND CONCENTRATED IN VACUO TO A VOLUME OF APPROXI=-
MATELY 150 ML. TRICHLOROACETIC:ACID (TCA), 100% w/v, WAS THEN
ADDED TO A CONCENTRATION OF 12 6/100 ML, AND THE MIXTURE ALLOWED
To STAND FOR 12 HOURS AT 4%°C., THE PRECIPITATE WAS WASHED WITH
10% TCA (w/v) ANo RESUSPENDED IN 50 ML OoF 0.5 M ACETIC ACID.
THE SUSPENSION WAS THEN ADDED TO AN EQUAL VOLUME OF |RA=400
"ANION EXCHANGE RESIN, 20~40 MESH, ACETATE FORM*, TO REMOVE THE
TCA. WHEN THE SOLUTION HAD CLEARED THE SLURRY WAS FILTERED
AND THE RESIN WASHED WITH 10 ML oF 0.5 M AceTiIC ACID. THE
FILTRATE WAS LYOPHILIZED TO YIELD THE FINAL EXTRACT.
GUDMUNDSSON USED ACETONE: ETHER WASHES TO REMOVE TCA.

*THE RESIN WAS REGENERATED USING 3 WASHES IN 5 VOLUMES oF 1 M
SODIUM HYDROXIDE, FOLLOWED BY 3 DISTILLED WATER WASHES. IT

WAS THEN CONVERTED TO THE ACETATE FORM BY 3 WASHES IN 5 M
ACETIC ACID AND PREPARED FOR TCA ABSORPTION BY 3 WATER WASHES.
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" THIS SAME PROCEDURE WAS USED ON SMALLER QUANT‘TIES OF

DRIED~DEFATTED POWDERS FROM DOGFISH AND CHICKEN ULTIMOBRANCHIAL
GLANDS. THE METHOD WAS EFFECTIVE BUT THE LATER STEPS WERE
TECHNICALLY olFFICULf ON SMALLER QUANTITIES AND YJELDS WERE
POOR.,

THE NECESSITY FOR WORKING ON A snALLER SCALE LED TO THE
" FOLLOWING MODIFICATIONS., THE ACETONE PRECIPITATE WAS WASHED
TWICE WITH coLD(0°C) ACETONE AND MOST OF THE ACETONE REMOVED
IN A STREAM OF AlR. THE MOIST POWDER WAS THEN ExrRAcTéo WITH
TEN VOLUMES OF Q.1 M FORMIC ACID AT ROOM TEMPERATURE,?OR 4
HOURS AND THE SUPERNATEACOLLECTED. Two FURTHER EXTRACTIONS
USING FIVE vdLunes AND TWO‘VOLUMES oF O.1 M FORMIC ACID FOR
2 HOURS AND 0.5 HOURS RESPECTIVELY WERE PERFORMED AND THE
THREE SUPERNATES POOLED. LYOPHILIZATION YIELDED TAN POWDERS
WHICH DISSOLVED READILY IN THE BUF#éRs USED FOR COLUMN
’CHROMATOGRAPHY. UNLESS SPECIFIED THIS PROCEDURE WAS USED ON

ALL PREPARATIONS DESCRIBED.

C. DBIOLOGICAL ASSAY PROCEDURE.

THE BIdLOGICAL ACTIVITY OF THE VARIOUS EXTRACTS WAS
DETERMINED 3; A MdDIFlCATION OF THE METHOD o? KUuMAR ET AL
(66) using 80-90 6, MALE LONG-EVANS RATS. MATERIALS TO BE
ASSAYED WERE SUITABLY olLursn ;N AN INJECTION VEHICLE OF
"0.1% BOVINE SERUM ALBUMIN, IN O.1 M SODIUM ACETATE BUFFER
AT PH 4;5,MAND INJECTED INTO THE TAIL VEIN. BLOOD SAMPLES
WERE COLLECTED FROM THE TAIL VEIN 60 MINUTES AFTER INJECTION

AND DUPLICATE PLASMA CALCIUM DETERMINATIONS OBTAINED BY A
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METHOD SIMILAR TO THAT OF KEPNER AND.HERCULES (64) wHicH HAD
BEEN AUTOMATED USING A Tecnnudou AUTOANALYSER AND A TURNER
FLOUROMETER EQUIPT ~ WITH A FLOW CELL AS DESCRIBED BY
NewsoMme (83).

THE MEASURED PLASMA CALCIUM LEVELS WERE THEN COMPARED
WITH THOSE OF A SIMILAR GROUP OF CONTROL RATS INJECTED WITH
VEHICLE ONLY. THE DIFFERENCE BETWEEN THE MEAN PLASMA CALCIUM
LEVEL_IN'MG% OF THE CONTROL GROUP AND THE PLASQA CALCIUM LEVEL
OF EACH EXPERIMENTAL BLOOD SAD“IPLE WAS CALCULATED AND CALLED
THE RESPONSE. USING THIS RESPONSE AS THE OEPENDENT VARIABLE
AND THE LOG OF Tné_oosa-As.rHE INDEPENDENT VARIABLE IT WAS
POSSIBLE TO CALCULATE A SAMPLE REGRESSION OF Y ON * FOR EACH
SERIES OF DILUTION AS DESCRIBED BY SNEDECOR (116). THESE
" CALCULATIONS PRODUCED THE FAMILY OF LOG oost—REspons; CURVES
SHOWN IN FIGURE 4 WHICH WERE sto IN EVALUATING THE BIOASSAYS,

CoMPARISON OF fHese CURVES TO A CURVE ESTABLISHED FOR THE
House STANDARD (Porcine CT, ALO8%1, ARMOUR PHARﬁAceuxICAL Co.)
AND CHECKED AGAINST THE MRC RESEARCH STANDARD A, (WHICH DEFINES
THE MRC UNIT) YIELDED VALUES‘FOR THEVACTIVITY Of EACH SAMPLE
IN MRC MiLLIUNITS/MG (MU/MG). BECAUSE OF VARIATIONS (N THE
SLOPES o? THE CURVES AND THE INHERENT INACCURACIES OF THE
BIOASSAY SYSTEM, IT IS PREFERABLE TO EXPRESS THE ACTIVITY OF
A PREPARATION AS A RANGE OF POSSIBLE VALUES RATHER THAN
ATTEMPTING TO ASSIGN A SINGLE ACTIVITY.

THE RANGES USED WERE BASED ON fHé 0.95 CONFIDENCE LIMITS
OF THE ESTIMATED RESPONSE (Y) AND WERE CALCULATED AS FOLLOWS.

1. Responses (y) ofF 1.0 anp 2.0 MG% CALCIUM WERE SELECTED
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AS REPRESENTATIVE VALUES.
2. THe Lo pose (x) wHicH CORRESPONDED TO AN ESTIMATED
v(Y) oF 1.0 WwAs NOTED.

3. THE STANDARD ERROR OF THE ESTIMATED Y WAS THEN CAL-

CULATED AS

4. THE 0e¢95 CONFIDENCE LIMITS OF THE POPULATION MEAN
(pY) FOR THE GIVEN X WAS THEN
| -1 s. < U< T+ 7T .5
QOSY—}l_ . °O5Y

WHERE T 05 IS DETERMINED FROM THE DEGREES OF
. o '
FREEDOM (N=2). (116)

5e . THESE TWO VALUES WERE THEN TRANSPOSED TO THE RESPONSE

‘AX1S OF THE STANDARD chVE AND TWO CORRESPONDING.
'ACTIVITIES IN MU READ.

6., DIVISION OF THESE ACTIVITIES BY THE LOG DOSE
dBTAlNED IN STEP 2 Xsovs YIELDS A RANGE OF ACTIVITY
IN MU/MG REPRESENTING THE 0495 CONFIDENCE LIMITS AT
THIS POINT, IF THE‘STANDARD CURVE né ASSUMED TO

. CONTAIN ~6 ERROR. THIS IS A REASONABLEiASSUMPTION
SINCE THI'S EURVE IS THE BASIS FOR ALL ACTIVITY
ESTIMATES USED IN THE LABORATORY AND THESE ESTIMATES

-;EARE.USE0;9R1MAR1LY7F0R.compaalépN.

T« A REEErljudN OF STEPS 2 THROUGH 6 usiNG Yy = 2.0
GIVES AN ADDITIONAL RANGE OF ACTIVITIESE: THE FINAL
RA&GE EXPRESSED 1S THE EXTREME VALUES OBTAINED FROM

.THE TWO CALCULATIONS, |

MOST OF THE STATISTICAL CALCULATIONS ABOVE WERE ROUTINELY

PERFORMED BY COMPUTER. THE PROGRAM USED FOR THIS CONTAINED



Response (A Ca** mg9%)

('A) . Activity of Turkey Extracts

3.0-
. P
77
s
2.0 : s
/
1.0-
d V4
v /
0 I L T 1 T TUTY T T T ¥ | G S I O |
(B) Activity of Dog Fish Extracts
3.0- . e - o
. , -
rd
”~
. Vd
2.0 -
| d /
7/
1.04 d g
Ve P -
7 ~
/ 7
/7 //
o L ] L) Ly 1 LA LI L] L] L T T rrr
0.1 0.2 0.4 06 1.0 20 40 60 100
Log Dose (ug /80gm Rat)
(o) CoMPARISON OF REGRESSIONS OF LOG DOSE ON

FIGURE 2.

RESPONSE FOR TURKEY ULTIMOBRANCHIAL EXTRACTS
FROM ACETONE AND DICHLOROETHANE DRIED GLANDS.
@~ ACETONE, O-— DICHLOROETHANE

(B) COMPARISON OF REGRESSIONS OF LOG DOSE ON
RESPONSE FOR DOGFISH ULTIMOBRANCHIAL EXTRACTS
PREPARED USING FORMIC ACID OR TCA.,

A— TCA PRECIPITATION, A~ FORMIC ACID EXTRACTION
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MODIFICATIONS BY THE AUTHOR ANO ITS DETAILS ARE INCLUDED 1IN

‘APPENDIX A,

2. RESULTS AND DISCUSSION,

Ficure 2(A) sHoOws THE‘LOQLDOSE—RESPONSE cuéves FOR TWO
SAMPLES OF TURKEY ULTIMOBRANCHIAL EXfRACTS;"THE}EXTRACTIONS
WERE CARRIED OUT' IN PARALLEL EXCEPT éon THE INI?IAL DRYING
STAGE. THE BlOLOGICAL‘ACIIVITY OF THE'AcéTON; oRon MATERIAL
RANGES FROM 540 T0 840 MU/MG WHILE THAT OF THE DICHLQROETHANE
ORIED MATERIAL WAS SOMEWHAT LOWER, RANGING FROM 420-530 MU/MG.
THE;LOVER BnodechL ACTIVITY OF THEADICHLOROETHANE MATERIAL
WAS CONSIDERED A MAJOR bISADVANTAGE AT THIS STAGE AND ALTHOUGH
THE PnoéLen DID‘NOT SEEM INSURMOUNTABLEs A COMPLETE INVESTIi-
GATION WAS NOT CARRIED OUT. ONE ATTEMPT Ar-Rebudluc HEAT
DENATURATION BY USING A DICHLOROMETHANE AZEOTROPE WITH A ’
LOWER BOILING POINT éRooucsb INQONCLUSIVEJRESULTS. THE
MATERIAL OBTAINED FROM THIS PROCEDURE HAD EXCELLENT PH{SICAL
PROPERTIES .AND KPPEARED TO BE FREE OF LIPfD.AFTER A SINGLE
OPERATION. FURTHER WORK Mnénr WELL PROVE IT TO BE A VALUABLE
TECHNIQUE PARTICULARLY FOR FATTY STARTING MATERIALS.,

F1GURE 2(8) SHOWS THE LOG DOSE~RESPONSE CURVES FOR TWO
SAMPLES OF DOGFISH ULTIMOBRANCHIAL ExtéACTs. THE EXTRACTIONS
WERE CARRIED OUT IN PARALLEL USING THE ACETONE DRYING TECHNIQUE
AND THE SOLVENT EXTRACTION OF GUDMUNDSSON ET 55 (48) upP TO THE
.STACE ofF TCA PREC]P(TATlON. ONE SAMPLE WAS THEN PRECIPITATED
wiTH TCA wHILE THE SECOND WAS EXTRACTED WITH 0;1 M FORMIC
ACID AS DESCRIBED EARLIER. THE BIOLOGICAL ACTIVITY OF THE

TCA powbER (3600-4600 MU/MG) WAS MORE THAN DOUBLE THAT OF THE



TABLE

SPECIFIC BIOLOGICAL ACTIvITIES OF THYRO1O AND ULTIMOBRANCHIAL

EXTRACTS

SOURCE - AcTiviTyY CENTER RELATlQé_

(nUme) (au/me).  (Pomaing = 1)
HumaN THYRO!D 5 5 0.02
BoviNE THYROID* 20-25 22.5 0.1
MURINE THYROID 100-150 125 0.5
PorciNg THYROID* 210-280 245 1.
TuRKEY UB 540-840 690 3
DOGF;sQ us 800-1300 1050 4
SaLMon UB 2500-4300 3400 14
CHICKEN UB¥ 13,000-17,000 15,000 60

*INCLUDES TCA PRECIPITATION STEP.

7
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Ficure 3. (A) REGRESSION OF LOG DOSE ON RESPONSE FOR HOUSE

sTANDARD. (ARMOUR PORCINE CT, ALO831)

(8) REGRESSIONS OF LOG DOSE ON RESPONSE FOR EI1GHT
EXTRACTS FROM THYROID AND ULTIMOBRANCHIAL TISSUES.
CALCULATED ACTIVITY RANGES ARE SHOWN IN TABLE .
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FORMIC ACID POWDER (800—1300){ BuUT BECAUSE OF THE SIMPLICITY
OF THE PROCEDURE, TOTAL RECOVERY WAS MUCH GREATER WITH THE
FORMIC ACID EXTRACTION, 4Expassseo IN Tséns OF MRC MILLIUNITS
PER GRAM OF FRESH TiISSUE (MU/G TISSUE) THE ACTIVITIES WERE |

AS FOLLOWS?

TCA POWDER 1000-1300 MU/G.fISSUE
FORMIC ‘ACID POWDER 4500-7300 MU/G TISSUE

ON THE BASIS OF THIS LOSS OF ACTIVITY IT WAS DECIDED THAT THE
ADDITIONALACOﬂPLlCATIONS oF THE TCA PRECIPITAf!ON COULD NOT
BE JUSTfFIED,-PARTICULARLY suﬁce THE NEXT szGE OF ﬁURlFIdATION-
WAS TO BE A GEL FILTRATION STEP leCH WOULD REMOVE THE LOW
.MOLECULAR WEIGHT CONTAMINANTS EQUALLY AS WELL AS THE TCA sTEP.
Ficure 3(B) sHows A SERIES OF LOG DOSE~- RESPONSE - cuaves
FOR BIOASSAYS ON EXTRACTS FROM SEVEN SPECIES PLOTTED ON THE
SAME AX1S. THE CURVE - IN FIGURE 3(A) IS THE HOUSE STANDARD
WHICH |é USED TO CALCULATE THE BIOLOGICAL ACTIVITY OF A
PREPARATION IN MU/MG.  THE ACTIVITY RANGES FOR THE ExréAcrs
AND THEIR RELAT:V; POTENCIES ARE sunhAnlzso IN TasLe 1. THE
VALUE INCLUDED FOR THE HUMAN MATERIAL IN THE TABLE IS AN
EXTREMELY éoucu ESTIMATE BASED ON A SINGLE POINT. BETTER
DATA COULD NOT BE OBTAINED esbAuss OF THE LOW YIELD AND
LIMITED STARTING MATERIAL. |T IS OF SOME INTEREST, HOWEVER,
FOR. COMPARISON AND IT IS TYPICAL OF THE YIELD FROM HUMAN
THYROID. THE CHICKEN, PORCINE AND BOVINE EXTRACTS WERE
PREPARED USING THE TCA PRECIPITATION PROCEDURE AND THEREFORE
PROBABLYvHAVE HIGHER SPECIFIC ACTIVITIES THAN wouL; HAvE |

BEEN OBTAINED HAD FORMIC ACID EXTRACTION BEEN USED.



TABLE 1|

BioLoGiCAL ACTIVITY YIELDS FROM THYROID AND ULTIMOBRANCHIAL

Tissues
SOURCE ‘ , CENTER MG EXTRACT MU
0F RANGE - 6 TiIssue - 6 Ttissve
(MU/mMG)*
HumaN THYROID o 5 1.0 5
BoviINE THYROID 22.5 (0.5)** 1
| MURINE THYROID 125 5.2 - 650
PORCINE THYROID 245 (0.7)** 170
TpéKEY us 690 363 2300
DocFisH UB 1050 5.6 . 5900
SALMON UB 3400 1.3 4400
CHICKEN UB 15,000 | 0.76 11,500

* See TasLe |

*% ESTIMATE ASSUMING DRY, DEFATTED WEIGHT EQUALS 8%
OF FRESH WEIGHT. :
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SPECIFIC ACTIV)T!ES.OF CRUDE EXTRACTS SUCH AS THESE ARE
GENERALLY USEFUL FOR CALCULATION OF HORMONE CONTENT OF THE
FRESH GLANDS OR AS AN INDEX OF THE DEGREE OF PURIFICATION
.ACHIEVED‘IN LATER STAGES. THESE CALCULATIONS WiLL BE DIS=-
CUSSED LATER. THEY CAN ALSO PROVIDE AN Eét:MArE_or THE
PURITY OF THE MATERIAL AND OF THE gxﬁscrso YIELDS OF PURE
HORMONE IF THE ABSOLUTE SPECIFIC ACTIVITY:OF THE MOLECULES
ARE COMPARABLE. ON THIS BASIS, KNOWING THAT PORE;éonclne CT
HAD A SPECIFIC ACTIVITY OF 200-250 U/mMG, THE SALMON EXTRACT
SHOULD CONTAIN 1 TO 2% HORMONE. AS WILL BE SHOWN LATER,
THIs'IS RATHER AN OVER—EST{MATE.

TABLE || SHOWS THE CALCULATED ACTIVITIES OF THE FRESH
TISSUES USED IN THE EXTRACTS. BOVINE AND Poaéjus VALUES ARE
ESTIMATES BASED ON THE ASSUMPTION THAT THE DRY, DEFATTED
POWDERS hepnessNr APPROX‘MATELY 8% OF THE FRESH WEIGHT, THE
RELATtvE ACTIVITIES OF THE TISSUES FROM THE EIGHTVS?EéIES ARE
COMPARABLE WITH THOSE OBTAINED IN ACID EXTRACTION (32)

THOUGH THE ABSOLUTE VALUES ARE GENERALLY‘LONER. THERE ARE
TWO POSSIBLE EXPLANATIONS FOR THIS FACT. FirsT TH; SOLVENT
exraacflon METHOD IS MORE COMPLEX AND THERE ARE NUMEROUS
OPPORTUNITIES FOR'SIGN|FICANT LOSSES TO OCCUR, WHERE AS A
SIMPLE ACID EXTRAdTION INVOLVES ALMOST NO Lossss’oue,ro
HANDLING, = SECOND, THE PRIMARY PURPOSE OF THESE EXTRACTIONS
WAS fO_ESTABLISH THE FEASABILITY OF LARGER SCALE EXTRACTIONS,
AND THE EMPHASIS WAS PLACED ON MINIMIZING THE TIME SPENT IN
COLLECTING THE GLANDS. THUS NO GREAT EFFORT WAS ﬁAoE TO

REMOVE ALL NON-GLANDULA# TISSUE AND THE STARTING MATERIALS
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WERE GENERALLY MUCH CBUDER THAN THOSE USED 70 ESTIMATE ACTUAL
ACTIVITY LEVELS IN éLANos. i

THE MAJOR VALUE 6F‘THE DATA,.HOVEVER, IS ITsS USEFULNESS'
IN ;STIMAiING THE AMOUNT bF.STARfING ﬁATERlAL‘NecessXRY TO
PROVIDE SUFFICIENT HORMONE FOR STRUCTUAL WORK. ALg.o? ngf
ULTIMOBRANCHIAL TISSUE APPEARED TO BE EXCELLENT SOURCESnOF
HORMONE SINCE THEY CONTAINED‘FROQV1O-TO_5O TIMES THE ACTIVITY
OF THE Poacing THYROID. THE CHICKEN ULT|M08§A~cnlAL$ WERE
PARTICULARLY ATTRACTIVE SINCE THEY WERE 2 T0 3 T)MES_MQRE‘
ACTIVE THAN EITHER THE DOGFISH OR SALMON GLANDS. THis couLoD
BE DUE, AT LEAST IN PART, TO THE'oiFsusE_NATURE QFFTHE.b‘v
GLANDULAR TISSUE IN THE TWO FISH AS OPPOSED TO THE‘DQSERETé.I
GLAND WHICH EXISTS IN THE CHICKEN., THIS EXPLANATION: DOES"
"NOT HOLD, HOWEVER, iN THE TURKEY WHICH HAS A DISCRETE GLAND
AND A CONSIDERABLY LOWER ACTIVITY PER UNIT WEIGHT.

ON THE BASIS OF THE EXPER;ME&TS OUTLINED IN rnis cnxpreéi
IT WAS oecioso THAT ALL FOUR OF THE ULTIMOBRANCHIAL SOURCES
CONTAINED SUFFICIENT QUANTITIES OF HORMONE TO ALLOW PURIFI#ATION
AND ISOLATION, AND THAT THE SOLVENT EXTRACTION PROCEDURE
FOLLOWED BY A FORMIC ACID E*TRACTION QAs A SUITABLE METHOD
FOR PREPARING THESE HORMONES. THE FlNAL DECISION TO CARRY
ON WITH THE SALMON HORMONE WAS THEREFORE .BASED ON OTHER FACTORS.
THE DOGFISH WAS ELIMINATED BECAUSE oé THE RELATIVE bIFF!CULTY
IN AcoblarNc STARTING MATERIAL Ano THE AVIAN SOURCES WERE
PASSED OVER BECAUSE‘THE LARGE AMOUNTS OF FATTY T1SSUE
ASSOCIATED WITH THE GLANDS MADEYTHE ACETONE DRYING pRoc;oune'

EXPENSIVE AND TIME CONSUMING, THIS LEFT‘THE‘ SALMON 'AvS THE -
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spsclsé OF CHOICE.

THE SALMON HAD THE sebowo HIGHEST ACTIVITY PER WEIGHT"
OF TISSUE AND THE SECOND HIGHEST SPECIEIC ACTIVITY IN THE
EXTRACT. (THE HIGHER ACTIVITY OF THE cHuchN ExrhAcr MIGHT
BE EXPLAINED BY THE,TCA PRECIPITATION STEP wHicﬁ WAS
INCLUDED IN THE CHICKEN ExféAcrlou.). THE TISSUE WAS EASY
TO WORK WITH, AND COULD BE GBTAINED IN LARGE QUANTITIES ON
. THE PRODUCTION LINE OF A LOCAL CANNERY. THUS IT MET ALL
THE REQUIREMENTS FOR A STARTING MATERIAL FOR LARGE SCALE
EXTRACTION, |

ASSUMING AN ACTIVITY APPROXIMATELY EQUAL TO THAT OF
THE PURE PORCINE HORMONE (200—250 U/MC).:T WAS CALCULATED
THAT 1 KG OF SALMON ULTIMOBRANCHIAL TISSUE suougduco~7A|~
Aebur 20 M6 OF‘HORMONE, ALLOWING FOR A 50% LOSS DURING
PURIFICATION THIS MEANT THAT 23Kc OF TISSUE WOULD BE .NEEDED
TO PROVIDE THE 10 To 20 MG OF PURE HORMONE.NECESSARY FOR
STRUCTURAL WORK. ALTHOUGH TH!S REPRESENTED ABOUT 10 TONS OF.

SALMON, IT WAS STILL A GROSS UNDERESTIMATION.

Ce CALIBRATION gﬁ SEPHADEX COLUMNS.
1. MeTHODS. |

| THE PROCEDURE USED IN PREPARING THE CALIBRATED SEPHADEX
G-75 COLUQN‘WAS ESSENTIALLY THAT oesleaeo BYvANDREws (%)
A 1.2 x 80 cMm CcOLUMN OF SEPHDEX G=75 wAS PREPARED USING 0.1 M
FORMIC ACID AS AN ELUANT. APPROXIMAfEFY 1 MG OF THE MARKER
PROTEI& WAS THEN DISSOLVED IN 0.5 ML OF 2 M UREA IN O.1 M |
FORMIC ACIDs THE UREA INSURED THAT THE PROTEIN WOULD DISSOLVE

AND INCREASED THE DENSITY OF THE SOLUTION ALLOWING IT TO BE
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LAYEREDléENEATH THE ELUANT ON THE TOP OF THE COLUMN. ONCE
THE SAMPLE WAS APPLIED ELUANT . WAS ALLOWED TO FLOW THROQGH
THE COLUMN UNDER GRAVITY, AND 3 ML FRAcf}ONs OF ELUATE WERE
COLLECTED. THE ABSORBANCE’OF EACH FRACTION AT 280 NM wAS
MEASURED WITH A BauscH anpo LomB SpecTrONIC 600 SPECTRO#HOTO-
METER AND WHEN PLOTTED Acnlnsf THE TOTAL VOLUME COLLECTED IT
Padouceo A rveléAL ELUTION PROFILE CONTAINING A SINGLE
PEAK. THE CENTER o#<rals PEAk WAS DESIGNATED AS THE ELUTION
VOLUME (VE) FOR THAT PROTEIN AND THIS VALUE wks PLOTTED.
AGAINST THE LOG OF THE MOLECULAR.WEIGHT OF THE PROTEIN.
(See FiGure 4). o - | ,

THE MARKERS USED WERE GAMMA cgbeuLiN (160,000 M.w.),,'
MYOGLOBIN‘(17,8OO M.W.) cyTocHroMe C (12,400 M.W.), GLUCAGON
(3485 M.W.), BAcerAcIN (1411 M.W.), INSULIN (5722 M.W.)
anD ACTH (4542 M'W‘)' THEIFIRST_FOUR'MARKERS HAD BEEN USED

BY ANDREWS AND WERE CONSIDERED A CHECK ON THE OTHéR THREE .
THE FIRST FIVE MARkéRs WERE OBTAINED FROM MANN RESEARCH
.LABORATORIES, iINC. NEW YORK. THE INSULIN WAS RECRYSTALIZED
BOVINE INSULIN, GRADE B FROM CAgBiocuem, Low ANGELES. THE
ACTH wAS CHROMATOGRAPHICALLY PURE PORCINE ACTH FROM SiGMA
CHemMicaL Co.y ST. LOUIS.

THE CALIBRATION PROCEDURE FOR THE SEPHADEX G-50 coLuMN
WAS IDENTICAL TO THAT DESCRIBED FOR THE G=75 COLUMN EXCEPT
FOR THE SEPHADEX USED, THE coLuMN s1ze (1.5 x 80 cm) AND THE
MARKERS. THE SAME LOW MOLECULAR WEIGHT MARKERS WERE USED
(BAQITRACIN,-GLUCAGON,.ACTH AND INSULIN), BUT BOV[NE SERUM

ALBUMIN (65,000 M.W.) WAS USED TO INDICATE THE VOID VOLUME
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INCLUDING ELUTION VOLUMES OF HYPOCALCEMIC
ACTIVITY FROM EXTRACTS. G=-75 coLumMN, 1.2 x 80
CMs ELUANT, O.1 M FORMIC ACID; TEMPERATURE)

'4°C; FLOW RATE 5 ML/HR; FRACTION SI1ZEs 3.0 ML,

G~50 coLUMN, 1.5 x 80 cM;: OTHER CONDITIONS THE
SAME.

O, G-75 MARKERS; @, G=50 MARKERS}
A, HYPOCALCEMIC ACTIVITY.
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(V ) OF THIS COLUMN. THE ALBUMIN WAS GRADE A, CRYSTALLINE
0 : .

FROM CAL BIOCHEM, Los ANGELES.

2. ResuLTs AND DISCUSSION,
THE RESULTS OF THIS CALIBRATION ARE SHOWN IN FiGure 4
QHERE THE-ELUTION VOLUMES'(VE) OF EACH MARKER ARE PLOTTED
»QERSdS THE LOG OF THE MOLECULAR WEIGHT OF THAT MARKER. THE
LINEARITY OF “THIS RELATIONSHIP BETWEEN M.W. 3OOOYAND 30,000
HAS BEEN REPORTED PREVIOUSLY AND GLUCAGON, CYTOCHROME C
AND ‘MYOGLOBIN HAVE BEEN SHOWN TO FIT THE LINE’WELL»(S); IN
:THIS EXPERIMENT THESE RESULTS WERE REPRODUCED-AND ACTH WAS
ALSO SHOWN TO LIE ALONG.THE LINE. INSULIN, HOWEVER, 01D NOT
. BEHAVE AS éREn)creb AND HAD A Vé SOMEWHAT LARGER THAN EXPECTED.
ON THE G§75'00LUMN INSULIN HAD AN APPARENT MOLECULAR WEIGHT
OF SLIGHTLY BELOW SOOO A VALUE SOME 10-15% a;Low ITS REAL
MOLECULAR WEIGHT OF 5722, THJS*ANOMALous BEHAVIOR PRoeAéLv
. RESULTS‘FROM THE FACT THAT GEL‘FILTRATION METHODS ACTUALLY
MEASURE MOLECULAR SIZE wHicu |é INFLUENCED BY FACTORS OTHER
féAN MOLECULAR wEIGHT_AS WillL BE DISCUSSED IN A LAiER CHAPTER.
Flcune 4 ALSO SHOWS THE CALIBRATION OF THE G=50 coLumN.
AGAIN THERE IS A LINEAR RELATIONSHIP BETWEEN THE LOG OF THE
MOLECULAR WEIGHT AND THE ELUTION VOLUME, THOUGH WITH G-50
" THE RANGE.lS MUCH SMALLER EXTENDING ONLY FROM ABOUT 3000.70
9000 M.W. As EXPECTED, HOWEVER, THE RESOLUTION IN THIS RANGE
WAS GREATER THAN WAS SEEN wlrﬂ;G—75. INSULIN BEHAVED MUCH
AS IT H}o oNn G=75. WHtN ITS REAL MOLECULAR WEIGHT WAS
PLOTTED QERsus ITS ELUTION VOLUME THE POINT LAY TO THE RIGHT

OF THE LINE ESTABLISHED. BY THE OTHER MARKERS. "IF ITS APPARENT
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AMOLECULAR WEIGHT AS SEEN ON G-75 wAS USED INSTEAb,:THE
RESULTANT POINT LAY VERY NEAR THE LINE. |IN THE ABSENCE OF
OTHER MARKERS IN.THIS WEIGHT RANGE T SEEMED JUSTIFIABLE TO
USE THIS APPARENT MOLECULAR WEIGHT TO PROVIDE A POINT AT
THE LOWER END OF THE LINE. THE RELIKBILITY‘QF THE ustR
END OF THE Ll&s_wAs ENHANCED WHEN THE MOLECULAR WEIGHT OF
PORCINE CT, WHICH HAD ORIGINALLY BEEN CONSIDERED AN u&KNowN,

WAS CONFIRMED BY THE SEQUENCE WORK OF BeLL ( 9) anp Ports (96).

D. EsTimMATION gﬁ_MOLe¢ULAR Wélcurs oF HypocaLCeMIC FACTORS.
1. METHODS. - ’ = . .

To 0BTAIN ESTIMATES OF THE MOLECULAR WEIGHTS OF. THE~
ACTIVE FACTORS IN THE EXTRACTS, SAMPLES OF EACH EXTRACT WERE
APPLIED TO THE CALIBRATED G~50 chUMN IN A MANNER s:QILAR
TO THAT USED FOR THE MARKERS. THE SAMPLES WERE APPLIED IN
0.1 M FORMIC ACID MADE 8 M IN UREA.- THESE SAMPLES WERE
ELUTED AND THE ABSORBANCE AT 280 NM OF EACH 3 ML FRACTION
DeféRMINED. REcoéns OF THE ELUTION PROFILES ARé SHOWN 1IN
"FIGURES 5 AND 6.

THE ELQTION_VOLUME OF THE ACTIVE MOLECULES.WASYDETER-
Munéo BY A BIOASSAY PROCEDURE SIMILAR TO THAT DESCRIBED
bkévnou3Lv;‘ THE ASSAY WAS ussb ONLY As A QUALITATIVE METHOD
TO INDICATE PRESENCE OR ABSENCE OF HYPOCALCEMIC FACTORSS HOW—
EVER, AND NO ATTEMPT WAS MADE TO MEASURE THE ACTUAL AMOUNT OF
ACTIVITY PRESENT. ROUTINELY THE COLUMN FRACTIONS WERE
sunvzvéo BY TAKING 0.1.ML ALIQUOTS FROM EVERY SECOND FRAérlon
BETWEEN VO'AND V} (50 To 150 ML) AND DILUTING THEM WITH 0.2 ML

OF SODIUM ACETATE, BSA VEHICLE. EACH 0.3 ML SAMPLE WAS THEN
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INJECTED INTO A RAT X&o THE RATS PLASMA CALCIUM |N'ﬁe% DETER=
MINED AFTER ONE HOUR. THE DIFFERENCE ( CA, MG%) aérwsa& THE
TEST RAT'S PLASMA CALCIUM AND THE MEAN PLASMA CALCIUM OF A
GROUP OF CONTROL RATS INJECTED WITH VEHICLE ONLY WAS THEN
USED A5 AN INDEX OF HYPOCALCEMIC ACTIVITY. ANY DROP IN
PLASMA CALCIUM WHICH EXCEEDED 1 MG% WAS CONSIDERED INDICATIVE
OF A HYPOCALCEMIC FACTOR SINCE VARIATIONS OF fHISAMAGNITUDE
ARE ALMOST NEVER SEEN INgYEHlCLE INJECTED RATS. |F ANY
AMBIGUITIES WERE SEEN.THE SURVEY WAS REPEATED SAMPLING ?RoH 
EVERY FRAcrlo&. BECAUSE OF THE LOW ACTIVITY IN THE HUMAN
THYROID EXTRACT LARGER sAMPLEé WERE REQUIRED FOR INJéctlon.
0.4 ﬁL gLiouors WERE TAKEN AND O.1 ML bf A CONCEN%RATED_VEH‘CLE
a00ED (0.4 M sootum ACETATE PH 4.5 CONTAINING 0.4% BOVINE
SERUM ALBUMIN.) GENERALLY THE ACTIVE REGION OF ANY COLUMN
WAS BETWEEN 3 AND 5 FRACTIONS WIDE, AND SINCE THE ASSAY USED
WAS ONLY QUALITATIVE IT WAS IMPOSSIBLE TO KNOW wnica FRACTION
WAS MAXIMALLY ACTIVE. FOR THIS REASON THE ELUTION VOLUME
SHOWN FOR EACH HORMONE 1S THAT VOLUME WHICH CORRESPONDS TO
THE CENTER OF THE Acilv; Recto&.' |

ONE ADDITIONAL SAMPLE OF BOVINE THYROID EXTRACT WAS
CHROMATOGRAPHED ON THE coLuMN. (See FIGURE 7). THqs SAMPLE
WAS PREPARED USING THE FORMIC ACID EXTRACTION PROCEDURE RATHER

THAN THE TCA PRECIPITATION.

2. ResuLTs AND Dtscussion,
ONCE THE G~50 COLUMN HAD BEEN CALIBRATED IT WAS POSSIBLE
TO ELUTE SAMPLES OF THE VARIOUS EXTRACTS FROM THE COLUMN AND

TO DETEvRMINE THE ELUTION VOLUME OF THE ACTIVE MOLECULES IN»



TABLE 111

MOLECULAR WEIGHT ESTIMATES FOR CALCITONINS FROM ELUTION
VOLUMES ON A SEPHADEX G=50 CoLUMN

- SPECIES ELuTION EsTIMATED

VoLume (ML) MOLECULAR

: WEIGHT
PORCINE o ' 108 3600
BoviNe | ' 105 3700
Bovine |1 | 87 4500
MURINE | | | 90 , 4300
Human ' 90 . . 4300
CHICKEN | g0 _ | 4300
SAaLMON . 87 - 4500
TURKEY 84 4600

DoGF1SH : 84 | 4600
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FIGURE 5. ELUTION PROFILES (A280 NM) OF THYROID EXTRACTS
ON SePHDEX G=50, CONDITIONS AS INDICATED IN
FiGure 4. ACA 1S THE DROP IN PLASMA CALCIUM
AS SEEN IN THE BlOASSAY, :
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EXTRACTS ON SEPHADEX G-50. CONDITIONS AS
INDICATED IN FIGURE 5.
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EACH OF THE EXTRACTS USING THE BI10OASSAY. THE ELUTION PROFILES
AND BIOASSAYS OF THE ELUANT FRACTIONS FROM THE THYRO‘D EXTRACTS
ARE. SHOWN IN FIGURE 5 AND THOSE OF THE ULTIMOBRANCHIAL EXTRACTS
iNn FIGURE 6;- THE ELUTION VOLUMES OF THE HORMONES ARE SUMMAé-
izED IN TaBsLE fll. THIS TABLE ALSO SHOWS THE MOLECULAR

WEIGHT ESTIMATES FOR EACH HORMONE AS CALCULATED FROM THE
EALIBRATION.CURVE IN FIGURE 4 WHERE THE POSITIONS OEVTHE
HORMONES ARE INDICATED ON TQE G-SO CALIBRATION chVE. VTHE
ESTIMATED MOLECULAR wslcﬁrs OF THE‘MOLECULES.VARIEO FROM ABOUT
3600 T0 4600 QlTH,THE MAJORITY NEARER THE HIGH Fncuat. THE
BOVINE EXTRACT, HOWEVER, WAS UNUSUAL IN THAT lf.YlELDED TWO -
ACTIVE REGIONS, ONE WITH A MOLECULAR WEIGHT OF 3700 aND A
SECOND WITH A WE1GHT OF’4500.. | |

THEAREASON FOR THE PRESENCE OF TWO0 ACTIVE REGIONS IN THE

"BOVINE ELUATE IS NOT CLEAR. SINGE THIS WORK QAs COMPLETED
BREWER ET AL (17) HAS 1SOLATED AND CHARACTERIZED BOVINE THYRO 1D
CT AND‘HIS‘PUBL|SHEDIHORK TO DATE MAKES NO MENTION OF ANY
siM;LAR OBSERVATION. HE DID FIND TWO ACTIVE MOLECULES DURING

| ON~EXCHANGE CHROMATOGRAPHY, BUT THESE DIFFERED ONLY IN CHARGE
DUE TO THE oxuo@rnon OF METHIONINE, A DIFFERENCE WHICH WOULD
PROBABLY BE UNDETECTABLE BY GEL FILTRATION, THjs STILL DOES
NOT RULE OUT THE POSSIBILITY THAT:ANOTHER BOVINE CT of

SLIGHTLY DIFFERENT STRUCTURE MIGHT EXIST, AND POSSIéLY HAS

BEEN OVERLOOKED OR UNREPORTED BY BREWER, JUST AS KEUTMAN
ET AL (65) HAVE SHOWN THE PRESENCE OF A MINOR COMPONENT IN
SALMON ULTiMOBRANCHlAL,EXfRACT WHICH WAS OVERLOOKED IN THE

PRESENT STUDY. A SECOND EXPLANATION COULD BE THE FORMATION
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FIGURE 7. COMPARISON OF ELUTION PROFILES ON G~50 OF TwO

BOVINE THYRO!D EXTRACTS PREPARED BY DVFFERENT
METHODS. CONDITIONS AS INDICATED IN FIGURE 5.
TCA PRECIPITATION AND FORMIC ACID EXTRACTION
PROCEDURES ARE DESCRIBED IN THE TEXT.
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OF A DIMER SUCH AS THAT REPORTED BY NEHER et aL (80)
EXTRACTS OF HUMAN THYROID MEDULLARY CARCINOMA TISSUE., THIS
DOES NOT SEEM TOO LIKELY, Howsvsh, SINCE THE ACID CONDITIONS
>MAfNTAiNED THROUGHOUT THIS EijAcrton AND CHROMATbGRAPHY
SHOULD HAVE PREVENTED THE DISULFIDE INTERCHANGE NECESSAéY
FOR THE FORMAT‘ON OF SUCH A DIMER. ALSd_THE‘APPARENf MOLE~-
CULAR WEIGHT OflTHE LARGER . ACTIVE SPECIES IN THE éovtNE
EXTRACT WAS MUCH SMALLER THAN WOULD HAVE BEEN EXPECTED FOR
SUCH A.DIMER. THE ONLY OTHER EXPLANATION WHICH SEEMS REASON=-
ABLE 1S THE E*leENCE:OFvAN INTERACTION BETWEEN PART OF THE
‘BdVINE HORMONE AND SOME OTHER SMALL MOLECULE CAUSING THE
FORMONE'TOVBEHAVE AS THOUGH IT WERE LARGER. BECAUSE OF THIS
DEVIATION FROM THE PATTERN OF THE OTHER EXTRACTS, IT WAS
DECIDED THAT FURTHER EXPERIMENTS'SHOULD BE CARRlEbIOUT TO
VERIFY THE PRESENCE OF THE TWO ACTIVE COMPONENTS. A NEW
_EXTRACT WAS PREPARED FROM BOVINE THYROID POWDER USING THE
FORMIC ACID EXTRACTION STEP RATHER THAN THE TCA»PREQIPITATION,
" AND THE EXTRACT WAS CHROMATOGRAPHED ON THE CALIBRATED;G-SO
COLUMN. THE RESULTANT ELUTION PROFILE AND BIOASSAY DATA
AS SHOWN IN FIGURE 7(B) CONFIRMED THE_RESULTé SEEN PREVIOUSLY.
THIS EXPERIMENT ALSO SERVED AS A CHECK ON THE REPRooucleaniv
OF THE DATA OBTAINED FROM THE G-50 COLUMN DURING THE PERIOD
OF ITS USE, SINCE THE BOVINE TCA EXTRACT WAS THE SECOND
UNKNOWN ELUTED AND THE BOVINE FORMIC ACID EXTRACT WAS THE
LAST. By coMPARING FiGure 7(a) ToO 7(8) IT CAN BE SEEN THAT
THE ELUTION VOLUMES OF THE ACTIVE COMPONENTS VARY BY Aaour'

& 3 ML (THE VOLUME OF THE FRACTIONS COLLECTED) AFTER ABOUT
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6 MONTHS OF COLOMN.USAGE. IN THE REGION o? THE UNKNOWNS

THIS REPRESENTS A VARlATlON'IN MOLECULAR WEIGHT OF ABOUTF

. %150, IT SHOULD BE Nﬂreo THAT»THIS‘VARIATION APPLIES ONLY

T0 REPBODQClQILITY AND NOT TO THE ACCURACY OF THE ESTIMATES
SINCE MANY OTHER FAcroés INFLUENCE ACcuracYy (EG. o{FFEREN¢ES
IN MOLECULAR SHAPE AS DISCUSSED FOR INSULIN,)

ONE ADDITIONAL FACT WHICH 1S ILLUSTRATED BY THE ELUTION
PROFILES OF FIGURES 7(a) ano 7(B) IS THE DIFFERENCE éETwEEN
THE TCA PRECIPITATED‘EXTRACTS'AND THOSE PREPARED WITH FORMIC
Acfo.' WITH THE TCA EXTRACT THE PEAK AT THE.VO 1S RELATIVELY
vLARGe'ANb THAf AT V1S RELATIVELY SMALL. THIS 18 TO BE
'EXPECTED'SINCE'TCA I'S GENERALLY USED To‘PREC|P|TAfE LARGE
Pnorsl&s, AND THE,SAME.PATTERN‘CAN BE SEEN IN THE OTHER TCA
EXTRACTS. THE REVERSE IS TRUE OF THE FORMIC ACID EXTRACTS, BUT
IN BOTH cﬂsss THE ABSORBANCE AT 280 NM IN THE REGION OF THE
ACTIVE MOLECULES is QUITE LOW IﬁDiCATING,THAT SgPHADEx G=50
CHROMATOGRAPHY SHQQLD pROVlbe AN EXCELLENT PURIFICATION OF
EITHER TYPE OF EXTRACT. THUS IF SéPHAoex CHROMATOGRAPHY
WERE f0 BE1THE NEXT STAGE OF:PURIFICATIOﬁ THERE WAévLITTLE OR
NO ADVANTAGE IN USING THE MORE COMPLEX TCA PﬁECIPITATlON
PROCEDURE. THIS WAS PART‘CULARLY TRUE OF THE ULTIMOBRANCHIAL
MATERIALS WHICH GENERALLY HAD R£LATlVELYvSMALL PEAKs AT VT
IN ANY CASE. |

. THE RESULTS OF THIS SERIES OF EXPERIMENTSIINDICATED THAT
THE HYPOCALCEMIC FACTORS EXTRACTED FROM THE ULTIMOBRANCHIAL
GLANDS OF THE FOUR LOWER VERTEBRATES STUDIED WERE IN FACT

POLYPEPTIDES SIMILAR IN S1ZE TO THE CALCITONINS |SOLATED FROM
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MAMMALIAN THYROID, AND THAT CT WAS A WELL EXTABLISHED HORMONE
ARISING AT A VERY EARLY STAGE OF VERTEBRATE EVOLUTION, THERE
WAS AN APPARENT VARIATION [N MOLECULAR WEIGHTS FROM ABOUT
3600 70 4600, THOUGH .IT BECAME CLEAR WITH FURTHER WORK THAT
THé;AcTUAL VAalATloN WAS PROBABLY MUCH LESS THAN THIS. THE
REASONS FOR THIS.APPARENT VARIATION WILL BE EXPLORED IN

CHAPTER |11,



111, ISOLATION AND CHARACTERIZATION OF SALMON CALCITONIN,*

A.  INTRODUCTION.

THE STUDIES DESCRIBED IN THE PRECEEDING'CHAPTﬁﬁ SHOWED
THE FEASIBILITY OF LARGE SCALE PURIFICATIONS OF SALMON
ULTIMOBRANCHIAL CT, AND QORK‘WAS'BEGUN.TO ALLOW oEfERMINAriou
OF ITS PRIMARY_STRUCTURE. THE EARLIER WORK HAD SHOWN THE
VALUE OF SEPHADEX G-50 As A PURIFICATION STEP AND FURTHER
PURIFICKTIdNS BASED ON THE CHARGE CHARACTERISTICS OF THE
MOLECULE WERE ANTICIPATED. ONCE PURE HORMONE WAS OBTAINED
AND 1TS AMINO ACID COMPOSITION DETERMlnéo, WELL ESTABLISHED
PROCEDURES FOR THE PRODUCTION AND SEQUENCING OF OVERLAPPING
PEPTIDE FRAGMENTS SUCH AS THOSE USED EARLIER IN SEQUENCE
STUDIES ON PORCINE CT (96, 10, 83) ano Human CT (82) courp
'BE USED TO ELUCIDATE THE PRIMARY STRUCTURE OF SALMON CT.
KNOWING THIS STRUCTURE AND THE BIOLOGICAL ACTIVITIES OF THE
HORMONE IT WAS REASONABLE TO ASSUME THAT CERTAIN CHARACTER-
ISTICS AND PROPERTIES OF THE CALCITONINS AND OF THE SPECIES

2

PRODUCING THEM WOULD BE CLARIFIED,.

B. -PRELiIMINARY EXPERIMENTS.

1. EXTRécrioNS.

- THE EXTRACT FOR THE PILOT PURIFICATION WAS PREPARED BY
_ THE SOLVENT EXTRACTION PROCEDURE DESCRIBED IN CHAPTER |1,
THE -STARTING MAT;RIAL wAas 590 6 OF SEPTAL TISSUE FROM CHUM,
SOCKEYE AND COMO SALMON WHICH HAD BEEN FROZEN IMMEDIATELY

- *PART OF THE WORK DESCRIBED IN THIS CHAPTER WAS PREVIOUSLY
puBLISHED (87).

29-
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AFTER COLLE#TION. ACETONE DRYING REDUCED THE WEIGHT OF THE
TISSue To 85 . SOLszf EXTRACTION OF THE DRY éoonR
YIELDED 2}4 G OF EXTRACT WITH A SPECIFIC ACTIVITY OF 3 MRC
lU/Mc. |
2. STAGE 1ACHRQMATOGBAPHY.
THE FIRST GEL FILTRATION STAGE wAé CARRIED OUT ON A

5 x 130 CM COLUMN OF SEPHADEX G-50 AT 4% C using A 0.1 M
FORMIC ACIHD ELUANT; AND COLLECTING 15 ML FRACTIONS AT A RATE
oF 12 ML/HR; THE ABSORBANCE AT 280 NM‘wAs.béTERM(NEo FOR THE
ELUATE FRACTIONS AS AN INDEX OF PROTEIN CONCENTRATION k&o THEY
WERE SURVEYED FOR BIOLOGICAL ACTIVITY AS DESCRIBED IN CHAPTER
Iy USING 0;3.ML INJECTIONS OF SUITABLY DILUTED‘ELUATE. THE
2.4 G OF EXTRACT, WAS DISSOLVED IN 20 ML oF O.1 M FOﬁM]c ACID
_AND APPLIED TO THE‘COLUMN iIN Two 10 ML VOLUMES. ‘Tag.VE OF
THE CT WAS TAKEN AS THE CENTER OF THE BIOLOGICALLY.ACTIVE
REGION AND USED TO CALCULATE A VALUE FOR KD. AN.}NDEX OF
MOLECULAR WEIGHT wHIéH_ts INDEPENDENT OF CQLUMN SlZE AND 1S
EQUAL TO (VE“Vo)/(Vf'Vo) WHERE THE VOLUME TERMS HAVE THE
DEFINMITIONS USED {N‘CHAPfER bl

| THE ELUTION PROFILE AND Acrnvcrv SURVEY FOR THE SAMPLES
" WERE SIMILAR TO THOSE SEEN IN CHAPTER || AS SHOWN IN FIGURE 8.
THE ACTIVE REGIONS OF THE ELUATES, FRACTIONS 118 7o 145, WERE
POOLED AND LYOPHILIZED fO»YlELD 13O MG OF SLIGHTLY OFF=WHITE
POWDER WITH A SPECIFIC ACTIVITY OF 40 MRC U/mMG. DeTaiLs OF
RECOVERY AND-DEGREE OF PURIFICATION ARE INCLUDED IN THE SUMMARY..

THE KD OF THE ACTIVE REGION WAS APPROXIMATELY 0.6,
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3. STAGE 2 CHROMATOGRAPHY.

A 1.2 x 20 cﬁ_COLUMNlOF SE-SEPHADEX C~25 was PREPARED
AND EQUIF!BRATéDvAT 49C.wlfn Oé2 MVAMMONfQM FORMATE BUFFER
AT PH 3.4, 95 MG OF STAGE 1 POWDER WAS‘DISSOLVED IN THE
STARTING BUFFER AND APPLIED TO THE COLUMN., AFTER JAQHING.
“WITH 50 ML OF‘STARTING auéFER, THE MATERIAL'R;MkiNlNG‘ON
THE cQLUMN WAS eLurso WITH A LINEAR‘GRADIENT.dF AMMON | UM
FORMATE BUFFER FROM 0;2 M (PH 3.43 CONDUCTIVITY, 8.0 MMHOS §
VOLUME, 150 ML).T0 0.5 M (PH 3.43 CONDUCTIVITY,18.0 MMHOS 3
VOLUME, 150 ML).' THE ELUATE WAS COLLECTED AT A RATE OF
10 ML/HR AND ABSORBANCE AT 280 NM AND BIOLOGICAL AcTiVITY
FOLLOWED AS BEFORE. fHE CONDUCTIVITY OF EACH FRACTION WAS
ALSO DETERMINED USING A RADIOMETER MODEL COM 20 coNDucTIVITY
METER. o
| THE ELUTION PROFILE, chDUCTIVlTY'ANb BlbLOGJCAL ACTIVITY
OF THE ELUATE FRACTio&s ARE SHOWN IN FIGURE 9. THE BlOLO=-
GICAL AéTIV|TY CAME OFF THE COLUMN IN A BROAb PEAK CENTERED
_ON A CONDUCTIVITY OF ABOUT 12 MMHoOS. THE ENTIRE ACTIVE
REGION FROM FRAcrion 15 10 28 wAS POOLED AND’LYOPHJLIZED.
As THE AMMONEUM FORMATE BUFFER WAS NOT SUFFIC(ENTLY VOLATILE

TO ALLOW COMPLETE ODESALTING BY LYOPHILIZATION, SPEleIC ACTIVITY

WAS NOT DETERMINED AT THIS STAGE.

4, STAGE % CHROMATOGRAPHY.,
B1o-GeEL P~10, A POLYACRILAMIDE GEL WITH PROPERTIES
SIMILAR TO SepHADEX G=-50, WAS USED TO DESALT AND FURTHER

PURIFY THE STAGE 2 PRODUCT. A 1.2 x 200 CM COLUMN WAS
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PREPARED IN 0.4 M ACETIC Acfo TO PROVIDE MAXIMUM RESOLUTION
AND THE POOLED ACTIVITY FROM STAGE 2 WAS APPLIED TOITHE
COLUMN N 1 ML OF ELUANT MADE 4 M IN UREA. THE ELUATE WAS
COLLECTED IN 3.4 ML FRACfIONS AT A ﬁATE oF 6 ML/HR.

As SeenN IN FiIGure 10 THe BIOLOGICAL'ACTIVITYIWAS ASSO-
CIATED WITH rHc'Two LARGE, UNRESOLVED PEAKS BUT A DETAILED
BIOASSAY OF THE REGION SHOWED THAT ONLY THE BROAD SHOULDER
ON THE LEADI&G,SIDE WAS ACTIVE. . FRACTION Nunesé 46 AT THé
CENTER OF THE SHOULDER WAS LYOPHILIZED AﬁDvAN AL IQUOT oqu
DIZED WITH PERFORMIC Aclo AS DESCRIBED IN Section E. SAMPLES
OF BOTH qx|o|zéo ANB UNb&lDIZEDVMAT;R{AL WERE H?OROLYSED.

AND AMINO ACIDMKNALYSES PERFbRMEDf THE MOLE ﬁATros OF
SEVERAL AMINO ACIDS WERE FAR éELow UNITY 1NdrcAf|~c THAT

TNE PEAK COULb NoT‘chT&IN A SINdLe MoLequLE'bF rné EXPECTED
MpLEéULAR WEIGHT. THE QUANTITIES OF CYSTINE ANo CYSTEIC ACID
WERE QUITE LOW AND SINCE TWO RESIDUES OF %—cvsriwe WERE
EXPECTED IN THE NATIVE MOLECULE IT WAS CLEAR THAr THE HORMONE
'wAé ONLY A MINOR comprENT OF THE PEAK. FRAcrlo& 46 CcON-
TAINED APPROXIMATELY 1.5 MG OF LYOPHILIZED MATERIAL (0.45
MG/ML) REPRESENfING{O-33 uMoLes or PURE MATERIAL WITH A MOLE-
CULAR WEIGHT OF 4500, AS THE FRACTION CONTAINED ONLY O.1
MMOLES OF $=CYSTINE, EQUIVALENT TO0 O0.05 JUMOLES OF HORMONE,

IT WAS ESTIMATED THAT THE PEAK cpNTAINEp ABOUT 15% HORMONE . —woonr
THE SPECIFIC Acrtvtfy OF THE MATERIAL WAS ASSAYED AS ABOUT
700 MRC_U/MG SUGGESTING THAT THE PURE HORMONE MIGHT HAVE A

SPECIFIC ACTIVITY OF NEARLY 5000 MRC U/MG, AND INDICATING THAT

MUCH LARGER QUANTITIES OF TISSUE WOULD BE REQUIRED TO YIELD.



FILGURE 11

SUMMARY OF PRELIMINARY PURIFICATION OF SALMON CT

» , : ‘ SPECIFIC APPROX.
" . PROCEDURE " WEIGHT ACTIVITY ACTIVITY
(MRC U/mc) (MRC U)

SEPTAL TISSUE 590 ¢

DRY AND DEFAT
WITH ACETONE

ACETONE POWDER . -85 ¢

EXTRAcT wirH
BuOH:HAc:H20'

N

FILTRATE' RESIDUE

PRECIPITATE WITH 3 VOL .
OF ACETONE AT =20°C

ReEsi10VE PRECIPITATE
(DiscarDED) :

EXTRACT WITH
O0.1M FORMIC ACID

Rsélous
(DtscarbeD)

SUPERNATE

LYOPHILIZED -
v.
FinaL EXTRACT 2400 MG 3 7000

MOLECULAR SIEVING ON
SepHAaDEX G-50 ,
v . _
STAaGE 1 ACTItVITY 130 M6 40 5200

95 MG, 10N EXCHANGE ON
i SE~-SEPHADEX, PH 3.4

STAGE 2 ACTIVITY

"MOLECULAR SIEVING ON
Bio-Ger P-10

<

- STAGE 3 AcTiviTY 8.3 mc 400 3700
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SUFFICJENT”HORMONETFOR“ANACYSTS;"

THE REMAINDER OF THE ACTIVE REGION, FRACTIONS 41~ 50, WAS
POOLED AND LYOPHILIZED YIELDING 3.8 MG OF POWDER. THE.TOTAL
Ylsgo OF ACTIVITY AT THIS STAGE wAS ABouT 3700 MRC U FROM
ANAINITIAL SAMPLE CONTAINING 3800 MRC U. THIS MATERIAL w@s.
USED 1IN A'SERIES~6F _TEST COLUMNS TO DETERMINE THE BEST
CONDITIONS FOR FURTHER PURIFICATION, EVENTUALLY CHROMATO;
GRAPHY ON AN SE—SEPHADEX COLUMN EQUILIBRATED AT A HIGHER PH

"PROVED MOST EFFECTIVE.

5. SuUMMARY OF PualFicarlon.

’ . Figure 11 SUMMARIZES THE Mkdoa srnéss USED IN THE PRE-
LIMINARY EXPERIMENTé. BlOLOGICAL'ACTIVlTY wAs_Nor ASSAYED
DURING THE INITIAL EXTRACTION, BUT AT THE FINALZSTAGE THE
EXTRACT HAD AN ACTIVITY o? ABOUT 3 U/Mc Foé A TOTAL OF ABOUT
7000 U. AFTER SEPHADEX CHROMATOGRAPHY ABOUT T5% OF THE
~ACTIVITY WAS Recovtnsb. 3800_U WERE APPLIED TO THE |ON
_Exan&cE COLUMN AND 3700 U Rscovsheo AFTER THE FINAL GEL
FILTRATION STAGE FOR A RECOVERY OF 97%; THE ovéRALL.RECOVERY
FROM THE EXTRACT TO THE 15% PURE PRODUCT OF STAGE 3 VAS.THERE—
FORE ABOUT T3%. THE MATERIALAAT'THIS sracs-nspasésntséln
50;000 FOLD PURIFICATION OVER THE FRESH GLANDS .AND éEQUlken A

FURTHER SEVEN=FOLD PURIFICATION,

C. PREPARATION OF PURE SALMON CALCITONIN,

1. EXTRACTION.
THE PRELIMINARY EXPERIMENTS MADE IT CLEAR THAT MUCH

LARGER QUANTITIES OF GLANDS WOULD HAVE TO BE PROCESSED AND
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AS COLLECTION TECHNIQUES IMPROVED TO THE POINT WHEREVOVER
200 POUNDS OF SEPTAL TISSUE WERE COLLECTED Féoﬁ 500 Tons oF
SALMON IN A SEAson,LAeoaATORY SCALE DRYING AND EXTRACTION
" WERE NO LONGER FEASIBLE. QUANTITIES OF FROZEN SEPTAL TISSUE
WERE SHIPPéD T0 CANADA PACKERS LTD.y TORONTO FOR SOLVENT
EXTRACTiON.AND TO ARMOUR PHARMACEUTICAL Couy KANKAKEE, ILL.
FOR EXTRACTION.BYJA METHOD rHéY HAD DEVELOPED FOR PORCINE
cT (15). |

THE STARTING MATER!IAL WHICH EVENTUALLY Y!ELDED PURE
SALMON CALcinN|N IN SIGNIFICANT QUANTITY WAS AN EXTRACT
PREPARED BY ARMQUR. THtS MATERIAL HAS BEEN Repoargo_rb HAVE
A seebnrlc‘AcT|V|Tv'o? 230 MRC U/MG (65); HOWEVER, WHEN
"ASSAYED AS ODESCRIBED IN CHAPTER || A sonEwHAT'Lowsa SPECIFIC
ACTIVITY (150-200 MRC U/Mc)_wAs 0BTAINED. 50 KG OF SEETAL
"TISSUE. YIELDED 4 G OF THIS MATERIAL=~A TOTAL OF BETWEEN

600,000 AND 900,000 MRC UNITS.

2. S7aGe 1 CHROMATOGRAPHY.

THE pﬁoéeouns DESCRIBED IN THE PRELIMINARY EXPERIMENT
'wAs-SCALEp UP TO HANDLE THE ENTlRE 4 G SAMPLE ON A SINGLE
COLUMN. THE STARTING MATERIAL WAS DISSOLVED IN 40 ML oOF
2 M-UREA IN O.1 M FORMIC ACID AND APPLIED TO A 10 x 150 cm
coLuMn OF SEPHADEX G=-50. THE CONSTRUCTION OF THIS coyuMN
|$ DESCRIBED IN APPENDIX Be THE SAMPLE WAS ELUTED WITH
O.1.M FORMIC ACID AT 4°C AND ch;Ecreo AT A RATE OF 250
EL/HR. ABSORBAN¢E AT 280 NM AND BIOLOGICAL ACTIVITY OF
THE SAMPLES WERE FOLLOWED AS DESCRIBED ?REV!OUSLYIVITH

SAMPLES SUITABLY DILUTED PRIOR TO INJECTION. SPECIFIC
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ACTIVITY WAS osreaﬁlnso IN THE BIOASSAY DESCRIBED IN CHAPTER
jl ON AN ALIQUOT OF THE POOLED SAMPLE WHICH WAS LATER LYO-
PHILIZED AND WEIGHED. |
THE ELUTION PROFILE AND ACTIVITY SURVEY OF THE COLUMN
1S SHOWN IN FiIGURE 12, THE PROFILE DIFFERED MARKEDLY FROM
TFAT SEEN FOR THE SOLVENT EXTRACTS USED PREVIOUSLY, BUT

VARIED ONLY SLIGHTLY FROM THAT SEEN BY KEUTMANN ET AL (65)

IN A SIMILAR EXPERIMENT. THE Ko VALUE OF THE BIOLOGICAL

¢

! ) ’ ) . N . . .
ACT|V|TY'(O.6), HOWEVER, WAS NEARLY IDENTICAL TO THAT SEEN
; o o .

IN OTHER EXPERIMENTS ON THE SALMON HORMONE.

THE ACTIVE REGION EXTENDED FROM AN ELUTION VOLUME OF

{ .
8e3 t TO 9.6 L, BUT TO AVOID CONTAMINATION FROM THE LARGE

LEADING PEAK ONLY THE REGION FROM 8.5 T0 9.5 L WAS POOLED.

s, i,

18). THE LOw RECOVERY ON THIS CoLumn (30% To 40%) was DUE

AFTER LYOPHILIZATION THIS POOL. YIELDED 350 MG OF MATERIAL

WITH A SPECIFIC ACTIVITY OF ABouT 650 MRC U/me (see FIGURE

PRIMARILY TO THE NARROW REGION POOLED., DETAILS ON RECOVERY

AND DEGREE OF PURIFICATION ARE GIVEN IN THE SUMMARY.

3; StAGE 2 CHROMATOGRAPHY;

THE COLUMN USED IN THIS STAGE WAS SIMILAR TO THA#:
DESCRIBED IN Taé PRELIMINARY éxpénlmeur rHouéH SLIGHTLY
LARGER TO HANDLE THE GREATER QOANTITY OF MATERlAL. A 2.0 x
20 ¢cM COLUMN dF SE~SEPHADEX C-25 WAS EQUILIBRATED AT 40 C
WiTH 0.2 M AMMONIUM FORMATE AT PH 3.4. THe 350 MG oOF
MATERlAL FROM STAEE 1 WAS APPLIED TO THE coLumN IN 10 ML OF

STARTING BUFFER AND ELUTED WITH 400 ML OF STARTING BUFFER
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FiGurRe 13, ELUTION PROFILE OF STAGE 1 PRODUCT ON SE~SEPHADEX
» C-25: sTAGE 2. CoLuUMN, 2 x 20 CM3 ELUANT, LINEAR
GRADIENT OF PH 3.4 AMMONIUM FORMATE FROM 0,2 M T0
0.6 M, FoLLOWED BY 1 M AMMONIUM HYDROXIDE}
TEMPERATURE 40 C; FLow RATE, 20 ML/HR; FRACTION
.s1z2, 12 ML. - '
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FOLLOWED BY A LiNEAs GRADIENT OF PH 3.4 AMMONIUM FORMATE
- BUFFER FROM 0.2 M (co~oucr|vurv,.8.0 MMHOS3 VOLUME, 500 ME )
To 0.6 M (cououcr|vay; 24;91MMHOS§ vdLune, 500 ML ). Arisn..
THE;GRKDIENT WAS COMPLETED THE COLUMN WAS WASHED WITH 500 ML
oF T M AMMONIUM HYDROXﬁDE.TOIENSURE RECOVERY OF ALL -APPLIED

4 (
MATERIALS. THE ELUATE WAS COLLECTED IN 12 ML FRACTIONS AT
A RATE OF 20 ML/H%. ABSORBANCE AT 280 NM , conﬂucrtvtry
'AND-BIOLOGICAL ACTIVITY WERE ?dLLbyED{AS PREVIOUSLY
_DESCRIBED.

Ficure 13 sHows THE RESULTS.dF THE STAGE 2 ELufibN;
ONLY ONE MAJOR PEAK wAS ELUTED'DURlNG THE QRADIENT»AL;HOQGH
THIS PEAK APPEARED TO courAl& AT LEAST TWO COMPONENTS, TQE
CONDUCTIVITY AT THE PEAK WAS SLlGHTLY HtcHéR (16 MMHoOs vs.
12 MMHOS) THAN SEEN PRéVlOUSLY, BUT THE SHOULDER OF THE PéAx
CORRESPONDED WELL TO THE MAJOR REGION OF BIOLogchL'AcilQiTYQ
A SECOND MINOR REGION OFAB!OLOGICAL ACTIVITY ELUTED PRIOR TO
THE éegx WAS NOT INVESTIGATED FURTHER. IN RETROSPECT T IS
LIKELY THAT THIS REGION MAY MAVE REPRESENTED THE MINOR
COMPONENT DESCRIBED BY KEUTMANN ET ﬁh (65), AND MAY INDICATE
THAT THE ODIFFERENT SPECIES OF sALmbN FROM WHICH THE GLANDS
WERE COLLECTEO DO, IN FACT, HAVE CALCITONINS OF SLIGHTLY
brFFERENT_STRUCTURES. To MleMliz CONTAMINATION A NARROW -
REGION OF MAXIMUM ACTIVITY WAS POOLED (FRACT(ONS 84 Tt0 98)
AND LYOPHILIZED. SPECIFIC Aérlytrv COULD NOT BE DETERMINED
" BECAUSE OF RESIDUAL SALT IN THE LYOPHILIZED PRODUCT, BUT THE,

DEGREE OF PURIFICATION DID NOT APPEAR TO BE GREAT:SINCE ONLY

MINOR CONTAMINANT PEAKS WERE REMOVED.
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FIGURE 14, ELUTION PROFILE OF STAGE 2 PRODUCT ON SEPHADEX
: G=50: sTAGE 3.  COLUMN, 1.2 x 220 CM$3 ELUANT
O.1 M FORMIC ACID; TEMPERATURE, 40 C;s FLOW RATE,
6 ML/HR; FRACTION SI1ZE, 3.4 ML.
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..4. StAaGE 3 OHROMATOGRAPHY.

THIS STAGE WAS ESSENTIALLY A DE—SALTING srsp,»aurra LONG,
HIGH RESOLUTION COLUMN WAS USED TO Randve CONTAMI&ANTS LEFT
" BY THE FIRST LARGE GEL FILTRATION COLUMN. A 1.2 x 220 cw
COLuyN OF SEPHADEX G-50 wAS PREPARED AT 40 C IN 0.1 M FoRMIC
 Ac|o. THE STAGE 2 PRODUCT WAS DISSOLVED IN 7 ML oF 8 M UREA
AN Oa1 M FORMIC Aélo AND LAYERED ONTO THE TOP OF THE .COLUMN,
THE  ELUATE wASVCOLLECTED IN 3.4 ML FRACTIONS AT A RATE OF
6 mL/HR, | |

~ AS SHOWN IN Flcués 14, THEe BIOLOGICAL ACTIVITY WAS
CONFINED TO A SINGLE MAJOR PEAK WITH A Kp OF 0.6.} THIS PEAK
WAS SLIGHTLY SKEWED, BUT LATER RESULTS INDICATED THAT THIS
AéYMMEThY WAS A CHARACTERISTIC OF THE COLUMN useb. FRACTIONS .
‘48 T0 63 WERE Poou;o AND AFTER LYOPHILIZATION THE POOL YIELDED
55 MG OF MATERIAL WITH A SPECIFIC Aérlvlrv OF ABOUT 1200'
MRC U/MG (see FiGure 18) FOR A TOTAL RECOVERY OF 65,000

MRC U.

5, STAGE 4 CHROMATOGRAPHY.

FOR THE SECOND ION EXCHANGE STAGE A 1.2 x 20 cM COLUMN
OF SE-SEPHADEX C=25 EQUILIBRATED AT 40 C with O.,1 M AMMONtQM
ACETATE AT PH 4.5 was PREPARED. THE 55 MG SAMPLE OF STAGE 3
'MATERIAL WAS DISSOLVED IN 3 ML OF STARTING BUFFER AND ALLOWED
TO FLOW ONTO THE COLUMN. AFTER THE COLUMN HAD -BEEN WASHED
wiTH 400 ML oF O.1 M AMMONIUM ACETATE, A LINEAR GRADIENT OF
PH 4.5 AMMONIUM FoéMATé BUFFER FRoﬁ 0.1 M (CONDUCTIVITY,

3.5 MMHOS; VOLUME, 350 ML) To 0.5 M (conoucTIVITY, 16.0 MMHOS;
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ELUTION PROFILE OF STAGE 3 PRODUCT ON SE-SEPHADEX
C-25: .sSTAGE 4, CoLumMmN, 1,2 X 20 CcM3 ELUANT,
LINEAR GRADIENTS OF PH 4.5 AMMONIUM ACETATE FROM
0.1 M1to 02 M AND FROM 0.2 M 70 0.5 M; TEMPERATURE
40 C; FLOW RATE, 12 ML/HR; FRACTION SIZE, 9 ML.
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FIGURE 163 ELUTION PROFILE OF STAGE 4 PRODUCT ON SEPHADEX
G=50t stAGE 5. CONDITIONS IDENTICAL TO Ficure 14.
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YVOLUﬁE} 350 ML) WAS.BEGUN. WHEN THE #iRsr PEAK éEGANYTO AEPEAR
IN THE ELUATE THE O. 5 M BUFFER WAS DISCONNECTED AND ELUTION
.courlnueo WITH 250 ML OF BUFFER AT THE - ESTABLISHED CONCEN= .-
TRATIONs. WHEN THE ABSORBANCE HAD RETURNED TO ZERO A NEW
GRADIENT WAS BEGUN WITH PH 4.5 AMMONIUM ACETATE BUFFER Eéon
0.2 M (conpucTiviTY, 5.6 MMHOS; voLuME, 300 ML) To 0.5 M
(conpucTivVITY, 16.0 MMHOS; VOLUME, 300 ML). THIS’dRADIENT
WAS USED UNTIL A NEw.PEAK’QéGAN, AT WHICH TIME rHé FBOQEDURE
oeécnnsso_Asdvt»wAs REPEATED. THE ELUATE WAS.COLLECTED-IN
9 ML FRACTIONS AT A RATE OF 12 ML/ HR..

FIGURE 15 SHOWS THE ELuriON-ﬁROFlLE, CONDUCTIVITY
GRADIENT AND BIOLOGICAL ACTIVITY Qunvsv. THREE wsLL DEFINED
PEAKS WERE ELUTED FROM THEVCOLUM&,,ONLY onsior WH\CH.WAS. 
AssbélATEO'WITH ANY BIOLOGICAL“AcflVfTYf' THIS PEAK_wAs
SYMETRICAL Ano.snowso NO INDICATION OF CONTAMlNATION;

FrRACTIONS 109 To 121 WERE POOLED AND LYOPHILIZED.

6. STAGE 5'CHR0MATOGRAPHY.

THE PRdCEDURES AND EQUIPMENT USED IN THE STAGE 5
CHROMATOGRAPHY wsRE_logNTiCAL IN ALL kgsézcrs TO THOSE
DESCRIBED FOR STAGE 3. fHE SAMPLE USED WAS THE LYOPHILIZED
Eooy FROM STAGE 4 DISSOLVED IN 1 ML OF O.1 M FORMIC.ACID.
BIOLOGICAL "ACTIVITY wAS MEAsuago IN ASSAYS ON AN ALIQUOT FROM
FRACTION 56 AS PREVIOUSLY DESCRIBED, AND SPECIFIC ACTIVITY
CALCULATED FROM THE WEIGHT OF A LYOPH‘LIZED.ALIQUOTlOFVTHIS
FRACTION. |

THE ELUTION PROFILE SHOWN IN FlGURE.16 FOR THE FINAL

PURJFICATION STAGE CONTAINED A SINGLE MAJOR PEAK AND A SMALL



F1GURE 17

SUMMARY OF PURIFICATION OF SALMON CT

WEIGHT

APPROX .’

PROCEDURE SPECIFIC
"ACTIVIETY ACTIVITY
(MRC U/me@) (MRC U)
SeptaL TiISSUE 50 k@ - -
ACID EXTRACTION
BY ARMOUR Co. L
A v .
FiNAL EXTRACT ' 4 ¢ 150-230 . 750,000
MOLECULAR SIiEVING a ' B
ON SEPHADEX G~50
il . . .
Stage 1 AcTiviTy 350 Me 650 230,000
loN EXCHANGE ON PR
SE~SepHADEX, PH 3.4
STAGE 2 ACTIVITY | : Ve - -
MOLECULAR.SIEVING
ON SePHADEX G-50 e
v - ) i
STAGE 3 ACTIVITY 55 M@ 1200 65,000
loN EXCHANGE ON v -
SE~SEPHADEX, PH 4.5 .
v . ,
STAGE 4 AcTiviTY _ - - -
MoLECULAR SIEVING
oN SepHADEX G=50 ,
N 4 ' :
STAGE 5 ACTIVITY 15 M6 4500 65,000
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Ficure 18. REGRESSIONS OF LOG DOSE ON RESPONSE FOR STAGE
1, 3 AND 5 PRODUCTSe OCALCULATIONS AS DESCRIBED
FOR FIGURe 3. O- STAGE T, V- STAGE 3,
O- STAGE 5. :
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PEAK AT VT INDICATING THAT THE STAGE 5 MATERIAL WAS ESSENTIALLY
FREE OF PROfEIN CONTAMINANTS.  THE SLIGHT ASYMMETRY.WAS.A
.CHARACTERISTIC OF THE COLUMN useo; AS THE TESTS FOR HOMOGENEITY
DESCRIBED IN SECTION G SHOWED THAT ONLY A SINGLE PEPTIDE WAS
"~ PRESENT |N THE PEAKs THE BIOLOGICAL ACTIVITY CORRESPONDED
wsLL TO THE PEAK AND VARIED WITH THE CONCENTRATION IN EACH
FRACTION. TQEARESULTS OF THE BIOASSAY ON THE MATERIAL 1IN
FRAcrldN 56 ARE SHOWN IN FIGURE 18. - ON THE BASIS OF THIS
ASSAY AND THE PéPTfDE.CONCENTRATLON IN THE. FRACTION,
0.69 MG/ML, THE ABSOLUTE SPECIFIC ACTIVITY OF PURE saLMmon CT
wAé CALCULATED TO BE CLOSE T0 4500 MRC U/MG==NEARLY 25 TIMES
THE SPECIFIC ACTIVITY OF PURE PORCINE CT. THE YIELD AT TH1S
STAGE WAS 14,5 MG OF PURE HORMONE, A TOTAL 0F 65,000 MRC U
REPRESENTING ESSENTIALLY 100% OF THE MATERIAL Apleeo IN
STAéE 4.
7. SuMMARY OF PURIFICATION SCHEDULE.

FIGURE 17 SUMMARIZES THE STAGES USED IN THE bREPARArlou
OF PURE saLMon CT. THE RESULTS OF BIOASSAYS AT STAGES 1,3
AND 5 ARE suwa IN FIGURE 18, THE RECOVERY AT EACH STAGE IS
ALSO RECORDED 1IN FIGURE 17, ALTHOUGH HIGH LOSSES OCCURED
'DURING THE FIRST THREE STAGESi'PROBABLY DUE IN PART TO AN
‘ACTlVE MINOR COMPONENT WHICH WAS REMOVED, THE RECOVERIES
IN THE TWO FINAL.STAGES WERE ESSENTIALLY 100%. THE OVERALL
RECOVERY WAS Aeour'io%, ButT A 300,000 fForLD ﬁURiFlcafION WAS
ACHIEVED FROM seprAL TISSUE WITH AN ESTIMATED SPECIFIC
ACTIVITY OF 15 MRC U/G TO PURE HORMONE WITH AN ACTIVITY OF

4500 MRC U/mg.



e e A et i e e o e it e

(@]

b)|

F1GURE 19.

T el |
Wi . 0 dl- o ¢
58 56 54 52 50 48 C2 IOA. IOA 20A |
i
i
J

THIN LAYER CHROMATOGRAPHY OF STAGE 5 PRODUCT ON
SILICA GEL. SOLVENT SYSTEMj BUTANOL, ACETIC ACID,
WATER, PYRIDINE (152 10: 12: 3). = O-PAQ POSITIVE,
' @ - PAQ AND NINHYDRIN POSITIVE. :

(a) 10 ML SAMPLES OF ALTERNATE FRACTIONS FROM
48 1o 58.  C-1, 1 NMOLE ARG. C-2, O.1 NMOLE ARG.

(8) 10 anD 20 ML SAMPLES FROM FRACTION 54.
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8., CRITERIA OF HOMOGENEITY.

SINCE ALL STAGES OF PURIFIOATION HAD INVOLVED SEPARATIONS
BASED ON EITHER CHARGE OR MOLECULAR SIZE A SEPARATION easeo
"ON DIFFERENTIAL SOLUBILITIES seenep MOST LIKELY TO DETECT
ANY CONTAMINANT, 'THIN LAYER CHROMATOGRKPHY IN A SYSTEM USED
ON PORCINE CT (15) WAS CHOSEN AS THE BEST PROCEDURE.-xTHIN
_LAYER CHROMATOGRAMS WERE RUN IN AN ASCENDING SOLVENT svsren
ON EASTMAN éRECOATED 20 X 20 cM, 6061, SILICA GEL_PLATESQ
(DISTILLATION ProoucTs INDUSTRtEs. Rocnsswsa NeY.) AOTlVATEO,
AT 110 C FoRr 30 MINUTES. A BUTANOL, PYRIDINE, WATER, ACETIC
acto (15:1031213) BUFFER SYSTEM WAS USED. 10 ML ALIQUOTS

FROM FRACTIONS SQ, 52, 54, 56, 58 WERE ARPLIED,TOITHg ORIGIN
.AND;ALLOVED TO MIGRATE FOR A Pen}oo OF 5 HOURS. TH: PLATES
WERE THEN SPRAYED wirH PHENANTHRENEQU‘NONE (PAQ) REAGENT.
AFTER DRYING AND OBSERVATION UNDER UV LIGHT TO osrecr ARGININE
CONTAINING SPOTS THE PLATES WERE SPRAYED A SECOND TIME WITH A
SPECIAL NINHYDRIN REAGENT DESIGNED TO FOLLOW THE PAQ..
PREPARATION OF THESE REAGENTS IS oescnlasp IN APPENDIX c.

IN A SECOND EXPERIMENT ALioUors OF VARIOUS suzés VERE.TAKEﬁ»
FROM FRACTIO& 54 AND TREATED IN A SIMILAR MANNER. . ONE CHANNEL
WAS RETAINED UNDEVELOPED, HOWEVER, AND THE PEPTIDE CONTAINING
REGION ELUTED WITH VEHICLE AND BIOASSAYED,

TRACINGS OF THE foN‘LAYER CHROMATOGRAMS ARE SHOWN IN
Figure 19(a). 'ONLY‘#éAprlons 52y 54, AND 56'CONTAINED
SUFFICIENT MATERIAL FOR DETECTION BY BOTH REAGENTS. THE PAQ
REAGENT PRODUCED DISTINCT FLOURESCENT spbrs iN ALL BUT TWO

FRACTIONS AND ON TEST SAMPLES CONTAINING O.1 anD 1,0 NMOLE
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OF ARGININE., THE 1 NMOLE sAMPLg OF ARGININE WAS FAINTLY
NINHYDRIN POSITIVE. IN THE FRACTIONS 50 TO 56 ONLY. A SINGLE
SPOT COULD BE DETECTED AND IN EACH CASE THE SPOT HAD AN RF
oF aBouTt 0.5 WITH THE MORE CONCENTR;TEb SAMPLES BEING SLIGHTLY
"RETARDED. THUS IT APPEARED THAT THE PEAK CONTAINED ONLY A
SINGLE COMPONENT. TO CONFIRM THIS A SECOND EXPERIMENT WAS
poNe (FiIGure 198) usiING rwlcé As‘MucH SAMPLE WITH suﬁlLAR
RESULTS. BIOASSAY OF AN UNDEVELOPED SAMPLE FROM THE SECOND
' CHROMATOGRAM CONFIRMED THAT THIS COMPONENT WAS BI1OLOGICALLY
ACTIVE. |

AMINO ACIDAANAL+SES PERFORMED ON ALTERNATE FRACTIONS
BETWEEN NUMBERS 50 AND 56las pescalaéo IN SECTION E FURTHER
CONFIRMED THE HOMOGENEITY OF THE Acflvs PEAK., THE RESULTS OF
THESE ANALYSES AS SHOWN IN TABLE |V INDléATE NO SIGNIFICANT
DIFFERENCE aétwegN THE MOLE RATIOS OF THE AMINO ACIDS IN THE
VARIOUS FRACTIONS. ON THIS BASIS IT WAS CONCLUDED THAT THE
MATERIAL IN FRAcrles'49457‘éEPRESENTED PUR? saLMoN CT 1IN

SUFFICIENT QUANTITY TO ALLOW COMPLETE CHEMICAL CHARACTERI-

ZATION.

D. .CHARACTERIZATION OF THE WHOLE MOLECULE.
1. Msruooé. |
Ae AMINO ‘AciD COMPOSITION.

AMINO ACID ANALYSES WERE CARRIED OUT ON FRACTIONS 50,
52, 54, AND 56 OF THE SEAGE 5 eLuate. 100 pL ALIQUOTS OF
THESE FRACTIONS WERE LYOPHILIZED AND HYDROLYSED IN 5.7 M

HYDROCHLORIC ACID FOR .17 Hours AT 1100 C. THe HYDROLYSED
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SAMPLES WERE DRiéDllﬁ VACUO AND AIR OXIDIZED TO f&suas
COMPLETE RECOV§R9.0? 4-CYSTINE. THE DETAILED METHODOLbGY'IS
ossc§|eso IN APPENDIX Ds SAMPLES EQUIVALENT TO0 40 pu OF iHE
ORIGINAL AL1QUOTS WERE fﬂsN SUBJECTED TO AUTOMATED Aﬁlno
ACID ANALYSIS BY THE METHOD OF SPACKMAN ET aL (119) on &
8|ocH30M MopeL 200 ANALYSERAVHICHVHAD BEEN MODIFIED WITH A
WHEATSTONE BRIDGE;PHOTOTRANSISTO§ DETECTION CIRCUIT AND
SPECIALVLONG-PATHLENGTH Fwa CELLS' TO ALLOW QUANTITATION
OF AMINO ActOS AT LEVELS DOWN TO 2 NMOLES.*. THESE PROCEDURES
ALLOWED.DETERMINATION oé ALL AMINO AéIDS‘EXCEPT GLUTAMINé'AND‘
ASPARAGINE WHICH ARE QEAMlDATED.ev ACID HYDROLYSESi(IDENTIFI*
CATION OF THESE RESloués wiLL Bé DISCUSSED LATER) A&o
TRYPTOPHAN WHICH IS ossfnofso'sv ACID HvoaouYsls}
DETERMINATION OF TRYPTOPHAN WAS BASED ON MEASUREMENTS
OF THE MOLAR EXTINCTION COEFFICIENTS OF THE‘VHOLE MOLECULE
AT 280 AND 230 NM AND ON THE RESULTS. ON A TEST WITH EHRLICH
REAGENT WHICH IS SPECIFIC FOR TRYPTOPHAN. MILLIGRAM EXTINC=
TION COEFFICIENTS (ABQORBANCE‘IN A‘1 cM PATHLENG*H‘OF_A
SOLUTION CONTAININé 1 MGc/ML OF THE éhorslu)fweae CALdOLATeo
FROM THE MEASURED ABSORBANCE OF FRACTION 56 IN A 1 CcM CELL
AT 230 AND 280 NM IN A BAUSGH AND Lous SPECTRONIC 6OO sPEcTRo-
lPHOTOMETER AT PH 2 IN O.1 M FORMIC ACID AGAINST A BLANK OF

THE SAME BUFFER. SAMPLES OF THE FRACTION WERE LATER LYO=

*EXTENSIVE MODIFICATION OF TH!S MACHINE OCCURED DURING THE
COURSE OF THESE STUDIES AND THE ANALYSES PRESENTED IN VARIOUS
SECTIONS OF THIS THESIS WERE PERFORMED AT OIFFERENT STAGES OF
"THIS MODIFICATION. APPENDIX D CONTAINS A DESCRIPTION OF THE
EVOLUTION OF THE AMINO ACID ANALYSER, AND THE DETAILS IN THE
TEXT ARE. PRESENTED ONLY TO ALLOW THE READER TO IDENTIFY THE
STAGE AT WHICH A PARTICULAR ANALYSIS .WAS PERFORMED.



TABLE 1V

AMINO ACID ANALYSES OF FRACTIONS FROM STAGE 5 CHROMATOGRAPHY

50 ) 52. o 54 - 56 ‘
AMINO ACIDS NANO~ MOLE* NANO— MOLE NANO= MOLE NANO—= MOLE

MOLES RAT!IO MOLES RATIO MOLES RATIO MOLES RATIO

ASPARTIC AciD 5.1 2.0 8.7 2.0 15.1 2.0 18.0 2.0
THReONINE  12.8 "5.1 22.4 5.1  37.8 5.0 45.0 5.0
SERINE 10,0 4.0 17.4 4.0 24.6 3.3  37.0 4.1
GLUTAMIC»ACID.7.6 3,0 12.9 3.0 22.7 3.0 26.6 3.0

PROL I NE 6.2 2.5 9.3 2.1 13.4 1.8 C17.3 1.9
GLYC I NE 8.8 3.5 14.1 3.2 23.2 3.0 28.8 3,2
ALantne 0O 0 0 o 0 0 0
% oovsTine 4.6 1.8 9.3 2.1 12.5 1.7  17.0 1.9
VAL INE 2.7 1.1 4.8 1.1 6.5 0.9 8.0 0.9
METHIONINE 0 0 o o 0 o | 0 0
ISOLEUCINE 0 0 0 0 0 0 o . O
LEUCINE 13.0 5.2 20.2 4.7 38.5 5.1 48.7 5.4
TyrosiNe 2.4 1.0 | 3.8 0.9 6.5 0.9 7.4 0.8

PHeNYLALANINE O 0 0 0 0 0 0 0

SEPARATE ANALYSES ON SHORT COLUMN

LYSINE ‘ 7.0 2.0 16.3 2.0

HisTipiNE | | 3.7 1.0 9.1 1.1
ARGININE ‘ 4.0 1.1 8.1 1.0
AMMON 1A 19.0 5.3 44.4 5.5

*WITH REFERENCE TO ASPARTIC ACID OR LYSINE.
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PHILIZED AND WEIGHED TO DETERMINE PROTE IN CONCENTRATION,
MOLAR EXTINCTION COEFFICIENTS WERE CALCULATED.FROM THESE .
VALUESAANO THE MOLécuLAR WEIGHT OF Tné POLYPERTIDE-AS
DETERﬁINEO FROM THE AMINO ACID.ANALYSES:. THE;EHéLlCH REAé£&}
USE wAS A 0.5% (w/v) SOLUTION OF-g-nlMETHYLAMJNOBENiALpEHvoE
(F1sHER SC!;NTIFIC Coe) IN 95% ETHANOL CONTAINING 2% (v/Vv)
c0NcsNTRAT;o'HYbRbcHLoRIC ACID (68).  THIS WwAS SPRAYEQ.ONTO
A SILICA GEL THIN LAYER PLATE VHICH HAD BEEN SPOTTED WITH

10 UL OF FRACTION 56;"

Be ‘ENDAGROUP ANALYsis.‘

THE N-TERMINAL AMlNQ Acio IN THE NATIVE MoL;cﬁLE WAS
DETERMINED BY THE DANSYL METHOD OF GRAY AND HaRTLEY(47).
A-bNE NMOLE SAMPLE bF THE HORMONE WAS DISSOLVED IN 0.2 M
SODIUM BICARBONATE AND TREATED WITH DANSYL CHLOR!DE-INAACEdeE.
HYDRbLYSls OF fHE SAMPLE IN 5.7 M HYDROCHLORIC ACID WAS USED
TO RELEASE THE DANSYL DERIVATIVE OF THE’N—TERMINAL AMle
ACID WHICH WAS THEN IDENTIFIED BY. POLYAMIDE LAYER CHROMATO-
GRAPHY AS DESCRIBED BY WOéos AND WAué (132) ANb MoolFled
BY HARTLEY (52).‘ DETAILS OF THESE METHdps;ARg INCLUDED IN

-APPENDIX E.

2. RESULTS AND DlSdUSSIbN.V

| THE RESULTS OF THE AMINO ACID ANALYSES OF THE FOUR.
FRAcflons ACROSS THE ACTIVE PEAK ARE SHOWN IN Taste IV. No
SIGNIFICANT DIFFERENCE COULD BE SEEN IN THE MOLE RATIOS OF
THEAVARI6US SAMPLES DESPITE THE 0BVIOUS DIFFERENCES IN THE

ABSOLUTE QUANTl;l'IES ANALYSED. THE AVERAGE VALUES FOR ‘THE



TABLE V

AMINO ACtD CoMPOSITIONS OF FIveE CALCITONINS

4 SALMON HumaN PORCINE BoVINE OVINE
AMINO AC1DS . CT* CT (80) CT(96) CT(17) CT (97)
AsPARTIC ACID 2 3 4 4 4
THREON INE 5 5 2 2 2
SERINE 4 1 4 4 4
GLuTtamic Acio 3 2 1 _1 1
ProLINE 2 2 2 2 2
GLYC INE 3 4 3 3 3
ALANINE 0 2 1 1 1
+ CvsriNE 2 | 2 2 2 2
VAL INE 1 | 1 1 1 1
METHIONINE 0 1 1 1 1
I SOLEUCINE 0 1 0 0 0
LEUCINE 5 2 3 3 3
TYROS;NE 1 1 1 2 5
PHENYLALANINE 0o 3 3 2 1
LYSINE 2 1 0 1 1
HISTIDINE 1 1 1 1 1
ARGININE 1 -0 2 -1 1
AMMON}A 5 5 5 4 4
TRYPT&PHAN O** 0 1 1 1

* MOLE INTEGERS BASED ON AVERAGES FROM EIGHT ANALYSES.
AND NEGATIVE EHRLICH'S TEST.

**FROM A

280 NM
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MOLE RATIOS éAsso ON A TOTAL OF EIGHT ANALYSES AND ARE VERY
CLOSE TO THE lNTEGRAL.VALUES AS suow& IN TABLE V. AS THE
YIELDS OF ALL AMINO ACIDS WERE GOOD A&o CONSISTENT FROM
SAMPLé TO SAMPLE HYDROLYSES FOR VARYING TIME INTERVALS WERE
NOT PERFORMED. |

.‘THE ABSORBANCES AT 280 nm (0.292) andD 230 nm (1.39) For
A SOLUTION CONTAINING 0.69 MG OF PEPTIDE PER ML INDICATED
MILLIGRAM:;XTlNCTION chF?'cenrs oF 0.45 at 280 nM ano 2.0
AT 230 NM. BASED ON A MbLEbuLAR weicHT OF 3427 FRbM AMINO
ACLD A&ALYSls THIS SOLUTION WAS 2.0 X 10f4'M IN HORMONE, AND
THE MOLAR EXTINCTION COEFFICIENTS OF THE POLYPEPTIDE WERE
1500 AT 280 NM AND 7000 AT 230'NM. THIS MOLAR EXTINCTION
COEFFIC!ENTIAT 280 NM WAS APPROXIMATELY EQUAL TO fHAr OF
TYROSINE UNDER SIMILAR CONDITIONS INDICATING THAT THE SINGLE
TYROSINE FOUND BY AMINO Acio ANALYSIS WAS THE ONLY AROMATIC
RESIDUE PRESENT IN THE MOLECULE. THE TEST WITH EHRLICH -
REAGENT CONFIRMED THE ABSENCE OF TRYPTOPHAN.

TABLE V THEREFORE REPRESENTS THE COMPLETE‘COMPOSIT{ON OF
SALMON CT AS COMPARED TO THE COMPdSlTIONS OF PORCINE, BOVINE,
OVINE, AND HUMAN CALCITONINS. = IDENTIFICATION OF THE N-
TERMINAL RESIDUE OF THE SALMON MOLECULE AS CYSTINE CONFIRMED
'THAT ALL. FIVE HORMONES CONSIST OF A 352 AM‘NO ACID CHAIN WITH
A DISULFIDE RING AT THE N=TERMINUS AND TWO PROLINE RESIDUES,
BUT DRAMATIC DIFEERENCES'EXiSTED FOR MOST OF .THE OTHER RESI-
DUES. THE SALMON ﬁOLECULE LACKED FIVE OF THE EIGHTEEN
DETECTABLE RESlpués, CONTAINING NO ALANINE; ISOLEUCINE,

METHIONINE, PHENYLALANINE OR TRYPTOPHAN, ITS LOW CONTENT OF
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AROMATIC AND HYDROPHOBIC RESIDUES AND THE PRESENCE OF runeé
ADDITIONAL RESIDUES CONTAINING HYDROXYL GROUPS (NINE VERSUS
SIX FOR PORCINE) PROBABLY Aécouwts FOR THE HIGHER APPARENT
MOLECULAR WEIGHT OF SALMON CT 0BSERVED ON SEPHADEX G-50.
 MOLECULES OF LOW AROMAric AND HYDROPHOBIC CONTENT ARE
REtAhoEb LESS ON SEPHADEX THAN THOSE WITH HIGH CONTENTS (60)
AND THE LARGER HYbRATEb RAolus OF A HYDROPHILIC MOLECULE
COULD REINFORCE THIS fENDchv 7). A'forAL OF FIVE ACIDIC
RESIDUES WERE FOUND AS IN THE OTHER CALelTONINS, BUT THE FIVE .
AMMONIA RESIDUES INDICATED THAT MOST OF THESE WERE ORIGINALLY
AMlDATéo, ACCOUNTING FOR THE SMALL CHANGE IN CHARGE WHICH
RESULTED FROM INCREASING THE BUFFER PH FROM 3.4 To,4Q5 ON

THE SECOND SE~SEPHADEX COLUMN. THE BINDING OF THE HORMONE

TO THIS RESIN WAS DUE TO THE NUMBER bF BAS‘C‘RESlDUES PRESENT
(Two LYSINES, ONE ARéiNaNE AND QNE:HISTfDlNE) WHICH WAS

GREATER THAN IN ANY OF THE OTHER CALCITONINS CHARACTERIZED.

E.--PREPARATION AN6 ISOLATION”2£ TRYPTIC Peéfloés.

" THE PRESENCE OF TWO LYSINES AND ONE ARGININE IN THE
MOLECULE SUGGESTED THAT DIGESTION WITH TRYPSIN SHOULD
PROVIDE FOUR PEPTIDES OF CONVENIENT S1ZE FOR SEQUENCE
DETERMINATION BY EDMAN DEGRADATIONS. THE MOLECULE WAS
FIRST OX‘DIZEDAWITH PERFORMIC ACID TO AVOID DISULFIDE
INTERCHANGE AND OTHER PROBLEMS WITH CYSTEINE WHICH HAD

BEEN ENCOUNTERED DURING SEQUENCE WORK ON PORCINE CT (8,9).

1. METHODS.

Ae PERFORMIC ACID OXIDATION,
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PERFORMIC ACID WAS PREPARED BY ADDING 0.5 ML OF 30%

HYDROGEN PEROXIDE TO 9.5 ML OF 90% FORMIC ACID AND ALLOWING
THE MIXTURE TO STAND AT ROOM TEMPERATURE FOR FOUR HOURS. IT
WAS THEN COOLED TO O C AND 1 ML ADDED TO 10 MG OF POOLED
STAGE 5>MATE§IAL IN A VESSEL PRecooLeD To 0°C. THE MIXTURE
WAS SHAKEN, ALLOWED TO STAND FOR 3 HOURS AT 0° C.anD LYO-
PHILIZED. THE RESIDUE WAS REDISSOLVED IN 2 ML DIST‘LLED
.WATER'ANDVRELYQPHILIZED. THIS LAST STEP WAS REPEATED AND A

10 L SAMPLE WAS TAKEN FOR AMINO ACID ANALYSIS,

Be AMINO ACID ANALYSIS.

PREPARAfiou FOR ANALYSIS OF THE OXIDIZED MATERIAL WAS
CARRIED OUT AS PREVIOUSLY DESCRIBED, BUT WITHOUT rné AIR
OXIDATION STEP. THE ANALYSES WERE DONE AS BEFORE, BUT USING
A SINGLE COLUMN, THREE BUFFER SYSTEM'(BS) WHICH ALLOWED |
DETERMINATION 6F ALL RESIDUES ON" A SINGLE SAMPLE. DetaiLs oOF

THIS SYSTEM ARE DESCRIBED-VIN ApPenDiIX D,

Ce DIGESTION WITH TRYPSIN, | .

| TRYPSIN (WORTHINGTON,.TR6EA) WAS DISSOLVED TO A
CONCENTRATION OF 10 MG/ML IN 1 MM HYDROCHLORIC ACID WHICH WAS
1 MM IN CALCIUM CHLORIDE. 20 ML OF THIS STOCK SOLUTION WAS
ADDED TO 10 MG or'oilolzeo MATERIAL IN 1 ML oF_O.5% (w/v)
Ammo&tun BICARBONATE BUFFER AT PH 8.0 TO GIVE AN ENZYME TO
SUBSTRATE RATIO OF 1350 (w/w). AFTER INCUBATION AT 37°
FdR'4 HOURS THE SAMPLE WAS LYOPHILIZED AND REDISSOLVED IN

3 ML OF O.1 M FORMIC ACID AND STORED FROZEN.
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D, HIGH VOLTAGE ELECTROPHORESIS.

THE lNlTIALlsﬁPARATION OF THE Peprlpss_wAs éY:HIGH
VOLTAGE ELECTROPHORESIS (HVE) AT pH 6.5 ano PH 1.9 l& THE
SYSTEM DESCRIBED IN APpENDIX C. FoR Expshlménrs AT PH 6;5,
300 puL sAmMPLES OF'THE_fRYPTic DIGEST SOLUTION CON*AIN!NG‘
APPROXIMATELY 003 MM OF PEPTIDE WERE APPLIED }o 3 CM.OF'THE
ORIGIN LINE 32 cMm FROM THE_CAiHods END oF A 57 cM SHEET oF
WHATMAN 5 MM PAPER AND FLANKED WITH 5 UL SPOTS OFVTw6“STAN-
_oARd AMINO ACID SOLUTIONS TO TEST DEVELOPING REAGENTS AND
'ALLOW CALCULATION OF RELATlVE:MOBiLITIES (Séﬁ FIGURE 21).
VISIBLE DYE MARKERS VEéE_ALso EMPLOYED AS Descntéso IN
APPENDIX C. AFTER SATURATION QlTH PH 6.5 BUFFER THE SHEET
WAS PLACED IN THE ELECTROPHORESIS TANK AND RUN AT‘4000 v
AND APPROXIMATELY 5 MILLIAMPERES PER CENTIMETER OF EAPER
WIDTH UNTIL THE MARKERS REACHED A PREDETERMINED pdlur. THE
ELECTROPHORETOGRAM WAS THEN Rshbveo AND ALLOWED TO DRYs A
5 X 57 cM STRIP WAS REMOVED FROM THE CENTER OF THE SHEET
SUCH THAT IT CONTAlN;D APPROXIMATELY 75% OF THE APPLIED
SAMPLE, ANo THE REMAINDER OF THE SHEET 6EVELOPED WITH EITHER
PAQ REAGENT,iCADﬂIUM—N]NHYDRIN OR BOTH AS Descataéo IN
APPENDIX C. THE SEGMENTS OF THE QNOEVELOPED STRIP CONTAINING
PEPTIDES WERE CUT OUT AND SAVED FOR FURTHER PURIFICATION OR
ELUTIONS |

ELECTROPHO&ESIS AT PH 1.9 WAS PERFORMED ON THE EXCIZED,
UNDEVELOPED STRIPS FROM THE PH 6.5‘ELECTRQPHORETOGRAMS AND
FROM PAPER CHROMATOGRAMS BY é;wunc'rné STRIPS ONTO NEW SHEETS

OF WHATMAN 3 MM ON AN ORIGIN LINE 10 CM FROM THE ANODE AND
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REMOVING THE AREA OF THE NEW SHEET BENEATH THE SEWED N
STRIP. ELECTROPHORESIS WAS THéN PERFOBMED AS bREVIbUSLY
DESCR]BED AND THE EDGE STRIPS OF THﬁ RESULTANT ELECTRO=
PHORETOGRAMS.DRIED AND DEVELOPED, SEGMENTS OF THE UNDE;

VELOPED CENTER STRIP WHICH CONTAINED PEPTIDES WERE CUT OUT

AND ELUTED WITH 0.5 M aceTic acip (58).

é. .PAPER_CHROMATOG&APHY.

PEPTIDES WHICH COULD NOT BE SEPARATED BY ELECTROPHORESIS
ALONE WERE SUBJECTED TO DECE&DLNG PAPER CHROMATOGRAPHY IN A
'SINGLE PHASE SYSTEM CONSISTING OF BUTANOL, ACETIC ACID,
'PYRIDINE AND WATER:(3036=20f24) (131). UuoévsLoREo STRIPS
~ FROM ELECTROPHbRéTOGRAMS WER; SEWED ON AT THE ORIGIN, 7 CM
FROM THE TOoP OF 15 x 46 CM.SHEETS OF WHATMAN 5 MM PAPER.
THESE SHEETS WERE CUT FROM STANDARD 46 X 57 CM SHEETS SUCH
'THAT THE SOLVENT FLOW WAS PERPENDICULAR TO THE GRAIN OF THE
PAPER. UNDER THESE CONDlTIONS‘THE SOLVENT Féont REQUIRED
ABOUT 14 HOURS TO REACH‘THE BOTTOM OF THE PAPER. AFTER
DRYING THE CHROMATOGRAMS WERE DIVIDED AND THE EDGE STRIPS
DEVELOPED WITH THE ﬁEAcENTs USED FOR THE ELECTROPHORETOGRAMS.

THE UNDEVELOPED SEGMENTS CONTAINING PEPTIDES WERE CUT OUT

FOR ELUTION OR FURTHER PURIFICATION.,

2. IRESULTS AND'DISCUSSIQN.

THe AM!NO ACID‘ANALYSIS OF THE OX1DIZED SAMPLE wAs
SIMILAR TO THAT OF THE NATIVE. HORMONE EXCEPT. FOR THE LOSS
OF.THE f&o $=CYSTINE RESIDUES AND PARTIAL CONVERSION OF

"TYROSINE TO CHLOROTYROSINE (128). CYSTEIC ACID WAS PRESENT



FIGURE 20

OUTLINE OF PROCEDURES Usep T0 ISOLATE TRYPTIC PEPTIDES FROM
' : ' SatMoON*CT. o ' o

SEPARATION PROCEDURES ] PepTipes ELUTED

HVE ATVPH'6;5v

A1, A=2, A-3, A=f——+  HST-1A

»ST-1

> HVE AT PH 1.9

B=l———1——»ST-4A .

\ .
CHROMATOGRAPHY

C-1, C=2 “' * — —»ST-3

" HVE aT PH 1.9

D-1, D-2 — ——»5T-4

l e LN —» 5T-2
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PH 6.5 ELECTROPHORETOGRAM OF SALMON CT TRYPTIC

PEPTIDES. COMPOSITE OF SEVERAL RUNS. O-— NIN=

HYDRIN POSITIVE, 2 —~PAQ POSITIVE, @2 -PAQ aAND

NINHYDRIN POSITIVE. SINGLE LETTER DESIGNATIONS
USED FOR AMINO ACIDS. OTHER ABBREVIATIONS TA,

TAURINES CA, CYSTEIC ACID; MG, METHYL GREENS

- DNP, €e=DNP~LYSINE; OG, OrRANGE G; YEL, YELLOW

NINHYDRIN COLOR; FR, FAST RED; YR, YELLOW
CHANGING TO REDe. SINGLE LETTER DESIGNATIONS
(EG. A=3) INDICATE PEPTIDE CONTAINING REGIONS.
TWO LETTER DESIGNATIONS (EG. ST=1) INDICATE
ISOLATED PEPTIDES. DOTTED LINE 1S NEUTRAL."
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Fiaure 22. PH 1.9 ELECTROPHORETOGRAM OF REGION A-2.
OTHER DATA AS DESCRIBED IN FiGure 21.
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FiGurRe 23. PAPER CHROMATOGRAM OF REGION A=1 IN BUTANOL,
ACETIC ACID, PYRIDINE, WATER SYSTEM. (30: 63
20: 24). OTHER DATA AS DESCRIBED IN FIGURE 21,
DOTTED LINE 1S SOLVENT FRONT.



FiGURE 24.
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0 YELO 0-20
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PH 1.9 ELECTROPHORETOGRAM OF REGION C-1,

DATA AS DESCRIBED

IN FiGgure 21,

OTHER
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WITH A MOLE RATIO OF 1.8 INDICATING THE EXPECTED oxioArlou
HAD occuasokgwo THAT THE MATERIAL WAS SUITABLE FOR olcésrtou
WITH TRYPSIN.

THE PEPTIDES Pkooucto BY THIS DIGESTION WERE SEPARATED
BY A SERIES OF ELECfROPHbRETIC AND CHROMATOGRAPHIC STAGES AS
SHOWN [N Flcuass‘21 THRU 24, THE PEPTIDE MAPS SHOWN IN THESE
FIGURES ARE COMPOSITES BASED ON MORE THAN ONE EXPERIMENT
SINCE ALL OF THE oAfA PRéSENTéo COULD NOT BE OBTAINED FROM
. A SINGLE SAMPLE. THE SINGLE LETTER, SINGLE~NUMBER DES!G-
&Arions REFER TO PEPTIDE CONTAINING REGIONS WHILE THE
DESIGNATIdNS IN PARENTHESIS ARE USED ONLY FOR REGIONS CON-
TAINING A SINGLE COMPONENT. THE INITIAL SEPARATION BY HVE -
AT PH 6.5 SHOWN IN FIGURE 21 YIELDED FOUR NINHYDRIN PdSITIVE
REGIONS AND TwO‘MIQOR SPOTS SEEN dNLY wiTH PAQ wHICH WERE
NOT INVESTIGATED FURTHER., TWwO OF THE FOUR MAJOR REGIONS
WERE SHOWN TO 55 ISOLATED PEPTIDES (ST=1 anp ST=-1A), BUT THE
- OTHER TWwO conrAjNEo MORE THAN ONE COMPONENTdAND WERE SUBJECTED
TO FURTHER PURIFICATION AS OUTLINED IN FIGURE 20. Two MINOR
CONTAMINANTS WERE SEPARATED FROM A SINGLE MAJOR PEPTIDE
_(ST—4A) IN REGION A=2 BY HVE AT PH 1.9 As sHOwN IN FIGURE 22,
AND REGION A-1 WASVSUEJECTED TO PAPER CHROMATOGRAPHY FOR
FURTHER PURIFICATION. THIS CHROMATOCRAPHY YIELDED TWO NI N=
HYDRIN POSITIVE REGIONS AS SHOWN IN FIGURE 23, BUT ONLY ONE
OF THESE wAs HonocENEon,(ST-B). .THE seconp REGION (C-1)
WAS FURTHER PURIFIED BY HVE AT PH 1.9 AS SHOWN IN Ficure 24
70 YIELD TVO’ISOLAfED PEPTIDES, ST-2 AND .ST-4, THuUS THE

TRYPTIC DIGEST WAS SHOWN TO CONTAIN SIX MAJOR PEPTIDES RATHER
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THAN THE EXPECTED FOUR. THESE WERE RECOVERED BY ELUTION
FROM THE PAPER STRIPS IN QUANTITIES ADEQUATE TO ALLOW CHAR-

ACTERIZATION AS DESCRIBED IN THE NEXT SECTION.

F. CHARACTERIZATION OF TRYPTIC PEPTIDES.

ALIQUOTS OF THE ELUTED PEPTIDES WERE TAKEN FOR AMINO
ACID ANALYSIS TO DETERMINE THEIR COMPOSITION AND THE
MOBILITIES OF THE PéPTIDES DURING HVE QERE.COMPARED TO THESE
COMPOSITION# TO CALCULATE NET CHARGE AND DETERMINE WHETHER
OR NOT THE ACIDIC RESIDUES WERE AMleTED. N~TERMINAL
ANALYSES.WERE CARRIED'OUT T0 OBTAIN DATA ON THg‘ORDER oOF

THE PEPTIDES IN THE WHOLE MOLECULE.

1. MeTHODS.
A. AMINO ACID ANALYSIS,

PREPARATION FOR ANA;YS|S~WAS cARRon oUT As DESchleEo
PREVIOUSLY, BUT WITHOUT AIR OXIDATION. THE ANALYSES WERE
PERFORMED QSINGVA-SiNGLE COLUMN=TWO BUFFER SYSTEM AND A
6 MM DIAMETER COLUMN TO INCREASE SENSITIVITY. THE DEfECTION

SYSTEM USED WAS A LOG AMPLIFIER-PHOTOTRANSISTOR CIRCUIT AS

DESCRIBED N APPENDIX D,

B. DETERMINATION OF AMIDE GROUPS.
OFFORD (88) HAS SHOWN THAT PEPTIDES OF KNOWN ELECTRO-
PHORETIC MOBILITY RELATIVE Td.ASPARTIC ACID
‘ 10 (Hygp) AT PH 6.5
OR TO:SERINE (pSER) Af PH 1.9 AND KNOWN MOLECULAR WEIGHT
FALL INTO CERTAIN POPULATIONS WHEN PLOTTED GRAPHICALLY AS

SHOWN IN FIGURES 25 AND 26. PEPTIDES WHICH LIE NEAR A GIVEN



TABLE Vi

AMINO ACtD ANALYSES OF TRYPTIC PePTioES FROM Satmon CT

. ' MoLe RaTios '
AMiNO AcCiDS ST-1 ST=1A ST-2 ST-3 ST-4 ST-4A

CysTeic Acio 1.9 1.7 0 0 0 0
ASPARTIC ACID 1.0 1.0 O 0 1.0 1.0
THREONINE 0.8 0.8 - 0 0.8 2.9 2.8
SERINE 1.8 17 0.8 0 1.1 0.8
GLurtamic Acio 0 0 2.1 1.2 ) 0
PROL INE 0 ) 0 1.1 1.1 1.0
GLYCINE | 1. 1.0 0 0 2.0 2.1
ALAN | NE 0 0 0 0 0 0
VALINE 1.0 1.1 0 0 0 0
METHIONINE 0 0 0 0 0 0

I SOLEUCINE 0 0 0 0 0 0
LEUCINE 1.7 1.7 1.8 1.0 0 0
TYROS INE 0 0 0 1% 0 0
PHENYLALANINE 0 0 0 0 0 0
Lysine 0.9 0.8 1.0 0 0 0
HiSTIDINE 0 0 | 0.8 0 0 0
ARG;NINE 0 O. 0 1.0 0 0

% YigLp ** 5.5%  10%  75% 35%  70% 10%

* DETERMINED AS CHLOROTYROSINE
*¥% APPROXIMATIONS
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L INE ON.THESE GRAPHS ﬁAVé'BEEstnqu TO HAVE THE‘NET CHARGE
INDICATED FOR THAT LINE AT THE GIVEN PH.. THE RéLATlVE MOBIL-
ITIES OF THE TRYPTIC PEPTIDES wERé cALCULATEo FROM Tné AVALIL=-
ABLE DATA IN THE PRECEDING" SECTION AND COMPARED TO THE MOLE=
CULAR WEIGHTS CALCULATED FROM THE AMINO ACID COMPOSITION
DATA TO GIVE THE NET EHARGE OF THE PEPTIDE. KNOWING THE NET
CHARGE AND THE COMPOSITION AS ozrsnn;wsb“av,#glno ACID
ANALYSIS OF HYDéOLYSED SAMPLES IT WAS GENERALLY POSSIBLE TO
oéregnlue WHETHER'OR NOT‘THE cARebva cRoups‘PReséNr HAD

BEEN IN THE AMIDE FORM PRIOR TO HYDROLYSIS.

c. END GROUP ANALYSIS.

THE N-TERMINAL ResioUEs OF}THE‘PEPI|DES’WERE.OEfERMJNED
BY DANSYLATION OF Q.7 NMOLE SAMPLES OF THE PEPTIDES A@D_v
SUBSEQUENT IQENTIFICATION AS DESCRIBED IN AQPENDIX E. THe
C~TERMINAL RESIDUES OF. 4 OF THE SIX MAJOR PEPTIDES COULD BE
DETERMINED FROM THEIR COMPOSITIONS AND KNOWN SPECIFICITY OF

TRYPSIN FOR THE CARBOXYL SIDE OF LYSINE AND ARGININE RESIDUES.

2. REsuULTS AND DIScUSS|0N.
TABLE VI SHOWS THE AMINO:ACIb ANALYSES OF THE SIX
TRYPTIC PEPTIDES AND THE‘AéPROXIMATE YIELDS OF EACH PEPTIDE.

THE YIELD FIGURES Aés ONLY ROUGH ESTIMATES SINCE THE PER-
CENTAGE LOST ON THE hEvLOPEo Eocé STRIPS VARIES IN AN = =
lNDETERhINANT MANNER BUT TFEY WERE USEFUL IN DETERMINING
THE SOURCE OF THE TWO EXTRA PEPTIDES, As‘snoww IN fﬁs TABLE
THE YIELDS OF PEPTIDES ST-1A AND ST-4A WERE QUITE LOW AND

THEIR AMINO ACID ANALYSES WERE IDENTICAL TO THOSE OF ST=1



TABLE VI

NET CHARGES'QF SaLMoN CT TRYPTIC PEPTIDES FROM ELECTRO=
PHORETIC MOBILITIES AND MOLECULAR WEIGHTS (88)

PEPTIDES - | ASP SER MOLECULAR . - . Ner
‘ (PH 6.5) (pH 1.9) WEIGHT CHARGE

ST=1 0.30 1220 -1

ST-1A 0.59 } 1220 - -2
§T-2 © =0.41 ' , 854 #1.5

ST=3 -0.41 777 S

ST-4 ' =0.44 | . T34 #

. 0.52 | S S

ST-4A 0 | o 734 0

0.47 o+
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AND ST-4. THE MOBILITIES OF THE MINOR PE#TiDEs WERE QUITE
DIFFERENT FROM THOSE OF THE MAJOR Peérloés, HOWEVER, AND AS
SHOWN IN TABLE VI, THEY EAcH APPEARED TO HAVE ONE MORé
NEGATIVE CHARGE THAN THE conaéséonolnc MAJOR PEPleE.,»THE
CALCULATED NET CHARGES OF THE MAJOR PEPTIDES INDICATED THAT
THEY EACH CONTAINED ASPARAQiNE AND THE ADDITIONAL NEGA*IVE
CHARGE ON THE MIQOR'PEPTloES SUGGESTED THAT THEY CONTAINED
AspAkrlk ACIDse |T THUS APPEARED LIKELY THAT AHPARTjAL
DEAMIDATION HAD OCCURED DURING THE PERFORMIC ACID OXIDATION
AND THAT THE NAT]VE MOLECULE HAD CONTAINED ASPARAGINE
RATHER THAN‘ASéARTIC ACID. |

THE coMPOSlleN 0F ST=1 INDICATED THAT if WAS THE
N=TERMINAL eéprlos SINCE IT CONTAINED BOTH CYSTEIC ACID
RESIDUES AND IDENTIFICATION OF DANSYL—CYSTEIC ACID AFTER
DANSYLAT]ON.CONFIRMED THtS.. ST—4 CONTAINED NEITHER LYSINE
NOR ARGININE AND THEREFORE COULD ONLY HAVE BEEN‘THE C—TER*,‘
MINAL PEPTIDE. THE FACT THAT ITS MOBILITY INDICATED rHAT
ITVCARRlED‘A NET *+1 CHARGE IN SPITE OF fHE ABSENCE OF BASIC
RESIDUES SUGGESTED THAT ITS C-TERMINUS WAS BLOCKED--A
FURTHER INDICATION THAT IT WAS THE C~TERMINAL PEPTIDE.
THE PRESENCE OF PROLINE IN THIS PEPTIDE SUGGES}EDHTHAT THIS
BLOCKED C—TERMINAL RESIDUE WAS PROBABL# éROLYLAMIDE, AS SEEN
IN THE OTHER CALCITONINS, BUT THIS WAS NOT CONFIRMED. THE
N-TERMINAL RESIDUE OF THIS PEPTIDE WAS THREONINE., PepTIDE
ST-3 HAD AN N=TERMINAL LEUCINE AND A C~-TERMINAL ARGININE,
AND ITS NET_CHARGE AT PH 6.5 was +1 INb]CATING THAT T

CONTAINED GLUTAMINE RATHER THAN GLUTAMIC ACID. PEPTIDE
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ST=2 ﬁAo AN N—TEﬁMINAL LEUCINE AS WELL AND A C-TERMINAL
LYSINE, BUT BECAUSE OF THE HISTIDINE PRESENT THE.MOBILITY
DATA AT PH 6.5 blo NOT FIT ANY OF THE LINES weLL (88). It
'lelHOWEVER CARRY A NET POSITIVE CHARGE INDICATING THAT Af
LEAST ONE OF THE TWO GLUTAMIC ACID RESIDUES HAD BEEN AMlDAfED,
AND THE FAcT THAT ONLY FIVE AMMONIA RESIDUES WERE SEEN IN
THE ANALYSIS ;F:THE WHOLE MOLECULE SUGGESTED fHAT ONLY ONE
WAS AMIDATED SINCE TWO ASPARAGINES, TWO GLUTAﬁINEs AND A
C-f;RMjNAL AMIDE QOULD ACCOUNT FOR ALL OBSERVED AMMONIA.
THUS ALL OF THE AVAILABLE DATA WAS CONSISTENT w;fg'THg
STRUCTURE prlCATED»IN FIGURE 27 WHICH SUMMARIZES THE
INFORMATION OBTAINED FROM TR?pruc DIGESTION OF SALMON
“CALCITONINS |

THIS INFORMATION DOES NOT ALLOW ORDERING OF THE TWO
CENTRAL Péprfoés, BUT WHEN.COMPAREP TO THE KNOWNHSEQUENCES
OF HUMAN CT oONLY Tﬁe ORDER SHOWN lN}FIGURE 28 ALLOWS ANY
SIGNIFICANT HOMOLOGY BETWEEN THE MOLECULES IN THIS REGION.,
EVEN IN THIS ARRANGEMENT, HOWEVER, HOMOLOGY WAS POSSIBLE AT
ONLY FOUR POINTS BETWEEN THE HUMAN AND SALMON MOLECULES IN
THE CENTRAL Reclo& AND NO SIGNIFICANT HOMOLOGY BETWEEN
SALMON CT AND PORCINE CT wAS POSSIBLE IN EILTHER ARRANGE=-
MENT. |T SEEMED CLEAR, EVEN WITHOUT FURTHER SEQUENCE DATA,
THAT THE TWO ENDS OF THE SALMoN MOLECULE WERE SIMILAR TO

THOSE OF THE OTHER CALCITONINS,y, BUT THAT THE CENTRAL REG{ONS

DIFFERED EXTENSIVELY.
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F1GURE 28.

= S~ A=Y= W= R Nrfim N N=Fw He ReiFim 5= G=M= G~

ALIGNMENT OF saLMON CT (84) witH porciane CT (96), sovine CT (17), AnD
HUMAN CT (80). %Y CONSISTENT HYDROPHOBIC RESIDUES,

LOGIES AND CONSERVATIVE SUBSTITUTIONS, -7 UNIQUE CHARGE PLACEMENT IN

. SALMON CT. SINGLE LETTER NOTATION USED FOR AMINO ACIDS.
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G. SEQUENCE OF SALMON CALCITONIN COMPARED TO KNOWN
SEQUENCES OF MAMMALIAN CALCITONINS,

WHILE THE WORK ON THE TRYPTIC PEPTIDES Qké‘aélwc
CARRIED OUT THE COMPLETE SEQUENCE OF THE SALMON HORMONE wAé
ANNOUNCED 8Y NtAaLL ET AL (84) BASED ON AUTOMATED SEQUENTIAL
EOMAN DEGRADATIONS. |7 WAS THUS FUTILE TO CONTINUE INDE=-
PENDENT SEQUENCE WORK, PKRTICULARLY;SINCE BOTH STARTING
MATERIALS HAD BEEN OBTAINED FROM THE SAME SOURCE AND SIN§;
TQE WORK pomﬁLsrso CONFIRMED.THEIR REPORT. THE SEQUENCE OF
THE SALMON HORMONE 1S SHOWN IN FIGURE 28 ALIGNED‘WITH THE
MAMMAL | AN Hokmomes OF KNOWN srauéruas. ‘CONSIDERABLE-IQFOR—
MATION ON THE RELATIONSHIP OF STRUCTURE TO BlOLOGjCAL:kaIV+fY
CAN BE OBTAINED BY ANALYSIS OF THESE SEQUENCES.. THE
N-TERMINAL AND C-TERMINAL ENDS OF THE MoLECULés ARE VERY
SIMILAR, THREE OF THE FOUR HORMONES ARE IDENTiCAL FQR THE
FIRST 9 RESIDUES AND THE HUMAN HORMONE VARIES ONLY AT
POSITIONS 2 aAND 8. THE 1-7 DISULFIDE BRIDGE ﬁs conﬁouiro
ALL FOUR, AND MOST EVIDENCE INDICATES THAT IT IS ESSENTIAL
FOR BIOLOGICAL ACTIVITY (16, 123). BeLL ET AL (10) wave
REPORTED, HOWEVER, THAT WHEN‘REDUCED WITH MERCAPTOETHANOL
THE HORMONE RETAINS BIOLOGICAL ACTIVITY, BUT THEY OFFER NO-
EVIDENCE THAT REDUCTION ACTUALLY OCCURED, AND IT 1S POSSIBLE
THAT THE BRIDGE WAS Réroémep_ouncné THE BIOASSAY. THE
C-TERMINAL RESIDUES OF THE FOUR MOLECULES ARE ALSO IDENTICAL
(PéOLYLAMloE), AND EVIDENCE FROM THE SYNTHETIC WORK OF
GUTTMANN ET AEV(SO) AND S1EBER ET AL (115) INDICATES THAT
EVEN REMOVAL OF THE C—TERMINAL AMIDE RESULTS IN A 97% LOSS

OF BIOLOGICAL ACTIVITY. THE RESIDUES IN POSITIONS 28, 30
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AND 31 ALSO SHOW CONSIDERABLE HOMOLOGY BETWEEN rng-r@ba
MOLECULES. | -

IN THE CENTRAL REGION OF THE MOLECULES THE s|M(LA§11|E§
ARE MORE SUBTLE. ONLY ONE>HOMOL66Y EXISTS HERE BETWEEN THE
sALMON AND UNGULATE‘HORMONES-fTHE LEUCINE lN‘POS[T|0N 16.
Posttions 10, 14, 18, 21, 23, AND 25 ARE THE SAME IN THE
SALMON AND HUMAN MOLECULES, HOWEVER. MORE INTERESTING‘TRAN
THE HOMOLOGIES HOWEVER,; ARE THE CONSERVATIVE SUBSTITUTIONS.
THE HYDROPHOBIC RESIDUES SUCH AS PHENYLALANINE;'TYROSINE,
AND LEUCINE OCCUR WITH MARKED REGULARITY IN POSITIONS
4, 9, 12, 16, 19 ano 22, THEsE QYDROPHOBic:RES(DUES'MAY
CONTRIBUTE.TO THE STABLILiZAT!ON OF A TERTIARY STRUCTURE OF
THE TYPE FREQUENTLY SEEN IN LARGER GLOBULAR PROTEINS‘(72).
THIS UNIMOLECULAR MICELLULAR CONFORMATION IN DILUTE AQUEOUS
SOLUTIONS WOULD BE'MAINTA‘NED.BY VAN DER'WAALSiFdRCES |
BETWEEN THE HYDROPHOBIC GROUPS INTERNALLY AND'?Y>HY6ROGEN
BONDING TO THE HYDRATION‘SPHEREAEXTEﬁNALLY.. THE. WORK OF
BREWER AND EDELHOCH'(14) ON THE PORCINE MOLECULE suppokré
SUCH A CONCLUSION SINCE HE SHOWS THAT THE RANDOM COIL |
FORMATION PéEDOMlNATES IN AQUEOUS SOLUTION, AND THAT THIS
RANDOMNESS 1S REARRANGED INTO AN @=HELICAL CONFORMATION
IN O-CHLOROETHANOL. HME SUGGESTS THAT THIS,TYPEZOF-REARRANGE—
MENT MAY BE IMPORTANT AT THE RECEPTOR.SITE.ON.THE CELLULAR
MEMBRANE WHERE THE WATER CONCENTRATION IS SIGNIFICANTLY
REDUCED. IT IS LIKELY THAT THE REGULARLY PLACED HYDROPHOB I C
RESIDUES WOULD PLAY A MAJOR ROLE IN INDUCING SUCH A CONFORMA~

TIONAL CHANGE. THE ONLY EVIDENCE CONFIRMING THE IMPORTANCE
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OF THESE RESIDUES FOR BIOLOGICAL ACTIVITY IS FURTHER WORK
BY BREWER (13) WHICH SHOWS THAT OXIDATION OF THE TYROSINE
IN PORCINE CALCITONIN VITH‘TYROSINASE RESULis IN A 90% LosS
OF ACTIVITY. OxloAtlo& OF THE METHIONINE IN POSITION 8
OF HUMAN CT SIGNIFICANTLY REDUCES 816L0¢|CAL activiTy (80),
AND THIS'POSITIONAISVALSO‘HYDROPHOBIC IN ALL FOUR MOLECULES
SINCE BOVINE, PdRclNe A~o SALMON CALCITONINS HAVE VALINE
REsnoueé HERE . IN CONTRAST fHE METHIONINE IN POSITION 25
IN THE UNGULATE CALCITONINS MAY Bé OXIDIZED WITHOUT ACTIVITY
Loss (16) AND CORRESPONDS TO HYDROPHILIC THREONINE RESIDUES
IN THE SALMON AND HUMAN MOLECULES. THE ONLY OTHER SIGNIFI=~
CANT CONSERVATIVE SUBSTITUTIONS ARE THE THREE ACIDIC RESIDUES
IN HUMAN, SALMON AND BOVINE cALcITowlws_tr Posirldn 15 surT
THE PORCINE BOLECULE CONTAINS AN ASPARAGINE HEéE-INDlCATING
THAT A CHARGED GROUP IS NOT ESSENTIAL FOR Acrnvarv. As
THE OTHER CHARGED RESIDUES ARE sdArTEREo THROUGHOUT THE
cENTRAL poaiuo&:oF THE MOLECULES IT '5 UNLIKELY THAT THEIR
POSITIONS ARE CRITICAL FOR ACTIVITY.

THE SIMILARITIES BETWEEN THE FOUR MOLECULES DISCUSSED
GIVE AN INDICATION OF WHAT STRUCTURAL CHARACERISTICS ARE
REQUIRED FOR BIOLOGICAL ACTIVITY, BUT OFFER LITTLE INFOR=
MATION ON THE ﬁsAsonsfFoR THE FUCH‘HIGHER B1OLOGICAL
ACTIVITY OF SALMON CT. PorciNe CT (15), sovine CT (17)
AND HUMAN CT (80) ALL HAVE ACTIVITIES BETWEEN 100 anp 300
MRC U/MG WHEN ASSAYED IN THE RAT WHILE SALMON CT ﬁAs A
CORRESPONDING ACTIVITY BETWEEN 2500 anp 4500 MRC U/me

(65, 87), AND WHEN ASSAYED IN THE MOuSE (89) THE saLMON
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HORMONE HAS MORE THAN 250 TiMES THE ACTIVITY o? PoRCINE CT
(65). AN EXAMINATION OF THE DIFFERENCES BETWEEN SALMON CT
AND THE MAMMALIAN HORMONES COULD ESTABLISH som-:: S"I_’RUCTURAL
SASlS.FOR ITS HIGHER BIOLOGICAL ACTIVITY. ON rRls BASIS
POSITIONS WHICH SHOW SIMILARITIES CAN BE ELIMINATED AND
ONLY THOSE POSITIONS ON THE SALMON MOLECULE WHICH ARE
NE 1 THER HOMOLocdbs Noé CONSERVATIVELY suasrlrufED,Ahs OF
INTEREST. THIS LEAQES ONLY SEVEN POSITIONS: 10, 17, 20, 24,
26, 27, anD 29. FobR OF THESE suesrlrurfons INVOLVE CHARGED
OF POTENTIALLY CHARGED RESIDUES AND THE EQUALLY SPACED
AND 24 COULD BE HIGHLY SIGNIFiCANT N BINDING THE MOLecuLe
TO ITSVRECEPTOR SITE. THE FOURTH CHARGE DIFFERENCE IS IN
PosiTioNn 20 WHERE. THE GLUTAMINE IN THE SALMON'MOLECULE s
REPLACED BY A HISTIDINE IN THE MAMMALIAN MdLecuLes.

THE LAST THREE EOSITIONS OF DIFFERENCE OCCUR NéAR
THE C-=TERMINAL END IN A R;clo& stﬁs THE SALMON'MOLECQLEA
IS HIGHLY HYDROPHILIC. IN CONTRAST THE THREEAMAMMALIAN
MOLECULES CONTAIN HYDROPHOBIC RESIDUES IN POSITION 27. iF
THE MlCELLULAR,STRUCTUﬁE DISCUSSED EARLIER DOES EXIST THIS
HYOROPHQBIC POSITION WOULD BE expscrso'ro BE INVOLVED IN THE
MAMMAL AN HORMONES, BUT THE C=TERMINAL END OF THE SALMON
MOLECULE WOULD BE FREE RESULTING IN A MARKED olFréRENce_t&
CONFORMATION. THUS THE éscuou BETWEEN THE PROLINE AT
POSITION 2% AND THE'C—TERMINUS OF THE SALMON MOLECULE WOULD
SEEM WELL'SUITED<TO.FOR AN a;HELICAL srRucruaé IN AQUEOUS

SOLUTION. BREWER ET AL (17) HAVE IN FACT SUGGESTED THAT
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FIGURE.30.
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FiGURE 31.

A POSSIBLE CONFIGURATION OF
DETERMINED FROM A MOLECULAR

saLMON CT as
MODEL. UPPER

PHOTOGRAPH, OPEN CHAIN, LOWER PHOTOGRAPH§.
POSSIBLE CLOSED CONFORMATION EMPHASIZING
HYDROPHOBIC BONDING, HYDROPHOBIC RESIDUES

ARE SHOWN IN BLACK.

A POSSIBLE CONFIGURATION OF
DETERMINED FROM A MOLECULAR
DATA AS ABOVE.,

A POSSIBLE CONFIGURATION OF

DETERMINED FROM A MOLECULAR
DATA AS ABOVE. .

PORCINE CT aAsS
MODEL. OTHER

HUMAN CT As
MODEL., OTHER
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THE APPARENTLY HIGH MOLECULAR WEIGHT 0F THE SALMON HORMO&E
DURING GEL FILTRATION MAY RESULT FROM SUCH olFFERENcés IN
TERTIARY STRUCTURE., TO TEST THE VALIDITY OF les CONJECTURE
ON CONFORMATIONAL DIFFERENCES .THE PORCINE, HUMAN AND.SALMON
MOLECULES WERE CONSTRUCTED USING SPACE FILLING MODELS (LANbEi
EomMuNnp MOLECULAR MODELS, EDMUND SCIENTIFIC Co.; BARélNcTON,
Ned.). THESE MODELS ARE SHOWN IN FIGURES 29, 30, ano 31
IN OPEN coNFlcukAquus (A) AND IN POSSIBLE RA&oon colL
CONFORMATIONS (B) WHICH EMPHASIZE HYDROPHOBIC BONDING.
THE HYDROPHOBIC GROUPS ARE BLACK FOR CONTRAST AND IT CAN BE
SEEN THAT EVEN IN THESE SMALL MOLECULES IT ;é POSSIBLE TO
FOLD THE HYDROPHOB'IC SIDE CHAINS INTO COMPACT APOLAR REGIONS.
ACTUALLY MANY CONFORMATIONS ARE POSSIBLE, BUT THE ONES
SHOWN -ALLOW A HIGH DEGREE ortsfo; CHAIN HYDROGEN BONDING
AND 1ONIC BONDING BETWEEN CHARGED GROUPS. THE ABSENCE OF
HYdROPHoslc GROUPS NEAR THE C=TERMINUS 0F_SALM0N CT s
CLEARLY SHOWN AND THE LONG HYDROPHILI&'TAIL»IS‘CLEARLY“
DIFFERENT FROM PORCINE CT AND HuMAN CT. THE TAIL IS NOT
SHOWN IN ITS POSSIBLE a=HELICAL STRUCTURE SINCE ONLY EIGHT
RESIDUES ARE PRESENT_BETVEEN PROLINES SUGGESTING THAT sucﬁ
A*srnucruée WOULDO HAVE RELATIVELY LITTLE STABILITY (19).‘
CHARGE AND CONFbRMATIONAL DIFFERENCES SUCH AS THESE WOULD
PROBABLY INFLUENCE THE INTERACTION BETWEEN THE HORMONES AND
THEIR Rscsproﬁs, BUT AS IT SEEMED LIKELY THAT A NUMBER OF
OTHER FAcfoas WERE INVOLVED DETERMINING THE RELATIVE
BIOLOGICAL ACTIVITIES OF THE HORMONES FURTHER INVESTIGATIONS

WERE UNDERTAKEN TO CLARIFY THE STRUCTURE~FUNCTION RELATION~-

SHIPS,



V. STRUCTURE-FUNCTION RELATIONSHIPS IN CALCITONINS.

A, INTRODUCTION

IN THE PRECEDING CHAPTER A NUMBER Of.POSSIBLE CONFOR~
- MATIONAL VARIATIONS IN THE CALCITONINS WERE INDICATED, AND
IT WAS SUGGESTED THAT THESE D;FFERENCES PLAYED A ROLE IN
THE ACTIONS OF THE HORMONES AT THE RECEPTORS IN THE TARGET
ORGANSe WHILE SUCH ACT10N>0N>THE TARGET ORGANS IS THE
ULTIMATE REQUIREMENT FOR A HORMONE; IT IS ONLY ONE OF MANY
Funcr[ous A HORMONE MOLECULE MUST PERFORM. ALL DEFINITIONS
OF HORMONES INCLUDE THE CONCEPT OF RELEASE AT A 6|srAL SITE
FOLLOWED BY TRANSPORT WITHIN fHE CIRCULATION TO THE TARGET
ORGANS. INVESTIGATION OF THE BEHAVIOR OF THE Hoano&e bURiNc
THIS TRANSPORT STAGE INVOLVES THE DEFINITION OF THE DYNAMICS
OF SECRETION AND REMOVAL WHEREBY THE CIRCULATING LéVEL OF
HORMONE IS CONTROLLED IN. THE NORMAL ANIMAL AND IN THE
RESPONSE OF THE ANIMAL TO EXOGENOUS HORMONE. THIS CHAPTER
WILL BE CONFINED TO THE ?:;;BRS INVOLVEO IN THE REMOVAL OF
CT FROM CIRCULATION éATHER THAN THE OYNAMICS OF ITS
seénsrlon. UNDEﬁSTANDlNG OF THESE FACTORS REQUlR;s INFOR-
MATION ON BOTH THE CIRCULATING LIFE OF THE HORMONE AND THE
ROUTES BY WHICH IT 1S REMOVED FROM THE CIRCULATION, SucH
REMOVAL SHOULD BE ESPECIALLY CRITICAL FOR A HORMONE LIKE CT
WHICH IN MAMMALS, IS FAST ACTING (31) AnD RESPONDS TO RAPID
CHANGES IN PLASMA CALCIUM LEVELS (46). THE MAINTENANCE OF
A LOW CIRCULATING HORMONE LEVEL WOULD BE ESSENTIAL TO
EFFECTIVE ENDOCRINE FUNCTION sECAst THE RELEASE OF NEW

HORMONE WOULD HAVE LITTLE EFFECT ON AN ALREADY HIGH
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INJECTION OF (131|)—P0RCINE.CT (130).
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CIRCULATING LEVEL AND THEREFORE EXERT LtrfLe CONTROL. THIS
IS CERTAINLY TRUE IN MAMMALS WHERE CT LEVELS ARE USUALLY LOW
ANO THE RESPONSE TO A CHALLENGE 1S A RAPID RELEASE OF A
PULSE OF HORMONE FOLLOWED BY A STEADY RELEASE AT A LOWER
rRaTe (4). EaRLY éruoles ON SALMON CT SHOWED THAT IT HAD A
PROLONGED ACTION IN MAMMALS AND WAS INACTIVATED AT A MUCH
LOWER RATE IN IN VITRO INCUBATIONS WITH PLASMA (26). THESE
REsqus SUGGESTED THAt/THEAENDOCRINE SYSTEM MIGHT FUNCTION
DIFFERENTLY IN THE SALMON AND THAT THE SALMON HORMONE MIGHT
BE USEFUL.CLINICALLY. THEY ALSO SUGGESTED A POSSIBLE
EXPLANATION FOR THE HIGH SPECIFIC ACTIVITY OF satmon CT,
AND THIS STUDYWAS.UNDERTAKEN TO ELUCIDATE ‘THE RELATIONSHIPS
BETWEEN THE KNOWN STRUCTURAL DIFFERENCES OF THE CALCITONINS
AND THEIR BIOLOQICAL ACTIVITIES.

. THE BEST DATA ON THE CIRCULATING HALF-LIFE OF CT COMES
FROM THE STUDIES OF WEST gi AL (130) oN THE CLEARANCE OF
Exoce&ous PORCINE CT FROM THE P1G. THE HORMONE CONCENTRATION
DECREASES AS SHOWN IN FIGURE 32, WHICH 1S A TWO~COMPONENT,
EXPONENTIAL CURVE SHOWING THE DECLINE IN RADIOACTIVITY
AssoanTEb WITH (131|)—P0RC|NE CT IN PLASMA TAKEN AT INTER=
VALS AFTER AN INJECTION OF LABELLED CT. A SIMILAR DECLINE
WAS SEEN IN BIOLOGICAL ACTIVITY IN EXPERIMENTS USING LARGE
DOSES OF UNLABELLED PORCINE CTe THE AUTHORS USED THE MODEL
| SHOWN BELOW TO ANALYSE THE KINETICS OF THE DISAPPEARANCE |N
THE EXPERIMENT SHOWN IN FIGURE 32, AND SUGGESTED THAT THE
RAPID COMPONENT (T% = 5 MIN) REPRESENTS THE‘EQUILiBRATION

OF THE TWO COMPARTMENTS WHILE THE SLOWER COMPONENT
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= 37 M[N) REPRESENTS THE ACTUAL RATE OF DEGRADATION OF

bnput

(T,

2
THE HORMONE.

20,1

THEIR'A&ALYSIS'ALSO INDICATED 'VOLUMES 09‘9% AND 16% OF éoov
WEIGHT FOR coméARrMENTs 1 anp 2 RESPECTIVEL*. WHILE THIS
MODEL SYSTEM CAN ﬁaoouce THE PATTERN SEEN IN F1GURE 32,
THERE ARE A NUMBER OF OTHER MooELs WHICH COULD EQUALLY WELL
-PRooubE THIS RELATIVELY COMMON rvée oF CURVE (109, 117),
A&o A VAkterY OF DATA IMPLY‘THAT‘THls‘MODEL IS AN OVER=-
‘SIMPLIFICATION. THE AUTHORS THEMSELVES SUGGEST THAT T1SSUE
INACTIVATION IS A MAJOR FACTOR IN THE DECLINE OF ACGTIVITY,
BUT THIS MODEL FAILS TO ALLOW FOR INACTIVATION OUTSIDE OF
COMPARTMENT 1,

. A COMPLETE MODEL MUST ALSO IND‘CATE THE ROUTES OF
DISAPPEARANCE AND ALLOW ANALYSIS OF THEIR RELATIVE IMPORTANCE »
THE CURRENTLY AVAILABLE DATA FOR CT Do NOT ALLOW SUCH AN
ANALYSIS, BUT THEY DO AT LEAST PROVIDE A BASIS FOR SUGGESTING
A MORE COMPREHENSIVE.MODEL.. STUDIES OF OTHER POLYPEPTIDE
HORMONES SUCH AS oXYTocIN (53, 55), AOH (39, 129) anpD
INSUL IN (63,'106) HAVE PROVIDED A FAIRLY CLEAR PICTURE OF THE

FACTORS INVOLVED IN THE REMOVAL OF THIS TYPE OF HORMONE FROM
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THE CIRCULATION, AND THE ROLE OF MANY o# THEéE FAcrons IN
REMOVING CT HAS BEEN INVESTIGATE, THE OVERALL PICTURE'IS
QUITE COMPLEX, BUT IT CAN BE BROKEN DOWN INTO THE FIVE
MAJOR FACTORS LISTED BELOW.
1. EdutLleRArldu OF FREE HORMONE IN THE PLASMA
WITH HORMONE BOUND TO PLASMA PROTEINS.
2. RENAL EXCRETION OF HORMONE.
3. UPTAKE OF HORMONE BY TARGET ORGANS AND
OTHER ORGANS.
4. INACTIVATION OF HORMONE BY TARGET ORGANS
AND OTHER ORGANS. |
5. INACTIVATION OF HORMONE IN PLASMA.
THE FIRST FACTOR WAS NOT CONSIDERED IN THE MODEL OF
WEST ET AL ALTHOUGH CONSIDERABLE EVIDENCE . EXISTS FOR THE
BINDING OF CT TO PLASMA PROTEINS (67, 121). THERE vé,
HOWEVER, NO CLEAR EVIDENCE THAT THESE PROTEINS ARE SPECIFIC
CARRIERS. HORMONE BOUND TO LARGE PROTEINS VOULD.BEHAVE
QUITE DIFFERENTLY FROM FREE HORMONE SINCE IT WOULD PROBABLY
BE PROTECTED FROM DIFFUSION OUT OF THE PLASMA, RENAL
EXCRETION AND INACTIVATION BY PLASMA ENZYMES. THE PRESENCE
OF SUCH PROTEINS COULD IN FACT EXPLAIN CERTAIN ANOMALIES IN
THE RESULTS OF WEST ET AL WHICH INDICATED THAT THE VOLUME OF
COMPARTMENT 1 VAS.NEARLY’DOUBLE THE PLASMA VOLUME AS DETER-
MINED FROM THE VOLUME OF DISTRIBUTION FOR (131|)-poablné
ALeunlﬁ (5% 80DY WEIGHT). THEIR STUDY ALSO SHOWED THAT THE

APPARENT VOLUME OF THIS COMPARTMENT INCREASED AS THE DOSE OF

INJECTED CALCITONIN INCREASED., THESE RESULTS WOULD BE
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EXPECTED IF conpAntnéNT 1 CONTAINED TWO conpons~fs, ONE BOUND
AND>0NE FREE, ANb IF PLASMA SAMPLING ACTUALLY MEASURED BOTH
COMPARTMENTS. WHILE THERE IS NO CLEAR EVIDENCE FOR THIS
FROM TRACER STUDIES, WORK BY LEGGATEEI.AE_(67) INDICATES
THAf BOTH BOUND AND FREE CT caN BE DETECTED BY BIOASSAY. | F
THIS SITUATION DOES EXIST HIGHER DOSES OF CT WHICH INCREASE
THE LEVEL o? FREE HORMONE WOULD SHIFT INCREASING AMouﬁTs OF
HORMONE ONTO BI&DING PROTEINS AND THE APPARENT SI1ZE OF THE
COMPARTMENT WOULD INCREASE. THESE BINDING PROTEINS ‘WOULD
CERTAINLY PLAY A MAJoé ROLE IN RETAINING CT IN THE PLASMA,
AND STRUCTUAL DIFFERENCES BETWEEN CALCITONINS COULD INFLU-
Eﬁce THE DEGREE OF BINDING.

DETAILED INFORMATION OF THE ROLE OF RENAL EXCRETION 1IN
THE REMOVAL OF CT FROM PLASMA IS NOT AVAILABLE, HOWEVER,
SEVERAL REPORTS SUGGEST THAT IT IS RELATIVELY MINOR. NEER
ET AL (79) HAVE REPORTED THAT THE RAD(O-IMMUNOASSAYABLE CT IN
THE URINE FOLLOWING AN INFUSION OF PORCINE CT |Nfo A PATIENT
WiITH PAGET'S DISEASE ACCOUNTED FOR ONLY 0.1% oF THE TOTAL
INFUSED., WesST ET AL (130) REPORTED SOMEWHAT HIGHER VALUES
FOR TCA PREQIPITABLE LABELLED CT IN URINE AFTER INJECTIONS
OF (131|)?PORC|NE CT RANGING FROM 2.5 T0 14% OF THE TOTAL
INJECTION, THEIR RESULTS INDICATED THAT AT LEAST PART OF
THIS MATERIAL WAS STILL BIOLécchLLY ACTIVE. THUS EXCRETION
IS A ROUTE OF REMOVAL, BUT ITS RELATIVE IMPORTANCE 1S UNCLEAR.

THE QUESTION OF UPTAKE BY VARIOUS ORGANS APPEARS TO BE
CONSIDéRABLY MORE IMPORTANT, AND MORE COMPLEX. UPTAKE BY

TARGET ORGANS MUST OCCUR (F THE HORMONE IS TO CAUSE A RESPONSE,



TABLE V111

1
DitsSTRIBUTION OF 25I-CT AND 125I-PTH IN RAT TiISSUES AFTER
INTERVENOUS INJECTION. (36)

TISSUE cT PTH CT PTH
% PER % PER % IN TOTAL % IN TOTAL
G TISSUE G TISSUE T(SSUE MASS TISSUE MASS.

LIVER 6.4 3.2 13.9 | 7.0
SKELETAL ‘ -

MuscLE * * ' 13.0 14.7
BLooo 1.0 1.5 6.5 | 10.1
BonE 0.3 0.6 4.4 7.5

KioNEY 3.2 22,6 2.6 18.0

*¥ NOT REPORTED.
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AND THE CONSEQUENCES OF THIS UPTAKE ARE QUITE DIFFERENT FROM
THOSE OF upfAKE BY OTHER ORGANS. THE HORMbNwaAKEN ue BY‘THE
TARGET ORGANs-CAusss THE PHYSIOLQG]CAL:RESPONSE WHILE THAT
TAKEN UP BY OTHER ORGANS 1S AT asér STORED AND IS MOST LIKELY
COMPLETELY REMOVED FROM ANY POSSIBLE EFFECT ON THE.BESPONSE.
THE RESULTS 0F DE LUISE ET AL (36) SHOWN IN TABLE VIl |~6|—
CATE THE DISTRIBUTION OF RAD!OACTIVITY IN VARIOUS TISSUES 10

12
MINUTES AFTER |V INJECTION OF (125 25 I )-

t)-porcine CT ano (
PTH INTO RATS. THESE RESULTS CONFIRM THE RAPID DISAPPEARANCE
ofF CT FRdM THE PLASMA AND iND;CATE THAT MUCH OF THE HORMONE
MOVES INTO VARIOUS TISSUES. THE AMOUNT PRESENT IN BONE;
THOUGHT TO BE THE PRIMARY TARGET ORGAN FOR CT, SEEMS'SMALL;
BUT:IN TERMS OF THE AMOUNT OF LIVING TISSUE IT IS ACTUALLY
QUITE A LARGE Pképonrlou OF THE TOTAL; THE LIVER ALSO CON=-
TAINS A DISPROPORTIONATELY LARGE AMOUNT OF CT AND A SMALL
AMOUNT OF PTH SUGGESTING SOME DEGREE OF SELECTlVE UPTAKE 8Y
THIS ORGAN.

ALTHOQGH THIS WORK ESTABLISHES tHAT CT 1s RAPIDLY
TAKEN UP BY VARIOUS TISSUES, THERE IS NO INDICATION WHETHER
THE HORMONE'S BIOLOGICAL ACTIVITY IS THEN ENDED OR IF IT IS
MERELY STORED PENDI&G LATER RELEASE. IF THE CT IN.THESE
TISSUES IS RAPIDLY INACTIVATED THE MOVEMENT BETWEEN PLASMA
AND TISSUE WILL BE ESSENTIALLY UNIDIRECTIONAL, SERVING ONLY
TO MAINTAIN LOW CIRCULATING LEVELS. |F, ON THE OTHER_HAND,
IT 1S NOT DESTROYED, THE CT IN THE TISSUES COULD RETURN TO

THE PLASMA WHEN THE CIRCULATING LEVEL WAS REDUCED AND THE

RESPONSE TO A SINGLE DOSE OR PULSE WOULD BE PROLONGED.
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T AL (37) INDICATES THE INACTIVATION

£

FURTHEE.WORK BY pE Lulse
OF PORCINE CT BY-VARlOOS TISSUE SL!CES‘AND HOMOGENATES
FROM RATS, PARTICULARLY FROM THE LIVER, 1§ RAP)D. OTHER
wORKéRs HAVE ALSO SEEN SIMILAR RAPID INACTIVATION OF PORCINE
CT IN Tissue HOMOGENATES (44, 75) WHICH SUPPORT THE IDEA
THATMTHLS‘TYPE OF INACTIVATION IS IMPORTANT N fHE DISTRUC-
TioNn oF CT. |

A SECOND TYPE OF INACTIVAleN OCCURS tN THE PLASMA.
TASHJIAN AND MUNSON (121) FtST SHOWED THIS DURING INCUBATIONS
oF PORCINE CT .IN HUMAN SERUM. WEST ET AL (130) HAVE REPORTED
A T% FOR PORélNE»CT7;N PORCINE PLASMA IN VITRO AT 370 C oFf
1.5 - 2.0 ﬁoun. IF A SIMILAR RATE OF INACTIVATION OCCURS

IN VIVO IT COULD ACCOUNT FOR ONLY ABOUT 10% oF THE TOTAL

ANACTIVATION SEEN IN THE SLOW COMPONENT OF FIGURE 32. WHILE
THIS IS QUANTITATIVELY ONLY A RELATIVELY SMALL FRACTION OF
TOTAL INACTIVATION 1T MAY HAVE A DlSPROéORTIONATE EFFECT ON
THE RESPbNSE élNcs 1ITS ACTION EXTENbS‘FROM THE INSTANT OF
RELEASE OR INJECTION TO THE TIME OF UPTAKE BY THE TARGET
ORGANS AND ALL OF THE‘HORMdNE IT EFFECTS 1S POTENTIALLY
ACTIVE., HORMONE TAKEN UP BY OTHER ORGANS MAY NO LONGER BE
ACTIVE EVEN THOUGH IT HAS NOT YET BEEN DESTROYED.

THE MODEL SHOWN ON THE NEXT PAGE PROVIDES FOR THE
EQUILIBRATION AND INACTIVATION DISCUSSED AND CANlSTILL FIT
THE TYPE OF DOUBLE EXPONENTIAL CURVE SEEN IN FiGURE 32. IN
THIS MODEL COMPARTMENT 1 REPRESENTS FREE HORMONE N THE‘PLASMA,
WHILE COMPARTMENT 3 REPRESENTS HORMONE BOUND TO PLASMA

PROTEINS. A3,1 AND A1 3VREPRESENT‘T‘HE EQUILIBRIUM BETWEEN
’
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llnput

A3 M2
3 — 1 —_’4——- 2
M3 A1

lXOJ | lXOA

BOUND AND FREE HORMONE, AND HORMONE IN COMPARTMENT 3 1Is

ASSUMED TO BE IMMUNE TO DIRECT INACTIVATION OR EXCRETION.

COMPARTMENT 2 INCLUDES ALL EXTRAPLASMA SPACES AND. )\2'1
. _ _ . Ly

AND X1 2 ARE THE FRACTIONAL TURNOVER RATES BETWEEN THESE
3 2. . . . T

COMPARTMENTS. X INCLUDES DISTRUCTION IN PLASMA AND

0,1
EXCRETION, WHILE X REPRESENTS THE COMBINED DISTRUCTION

0,2 .

RATES FOR ALL OF THE EXTRAPLASMA TISSUES. CLEARLY.THE
DATAlAVA1LABLE DOES NOT PERMIT ANALYSIS OF ALL OF THESE
COMPONENTS,y BUT THE MbDEL tS USEFUL IN DETERMINlﬂG THE
IMPORTANCE OF THE VARIOUS FACTORS INVOLVED. THIS 1S
PARTICULARLY VALUABLE SINCE fHERE 1S CONSIDERABLE'EVIDENCE
THAT THE‘RELATIVE IMPOﬁTANCE OF THESE FACTORS VARIES FROM
SPECIES‘TO SPECIES AND MQST BE ALLOWED FOR 1IN COMPARA}IVE

STUDIES., THE VARIATIONS IN THE PERCENT OF A TOTAL DOSE

EXCRETED MENTIONED EARLIER 15 AN EXAMPLE OF THI!S,

A NUMBER OF SUCH COMPARATIVE INACTIVATION STUDIES HAVE

BEEN DONE IN leS DEPARTMENT INDICATING THAT STRUCTURAL

OIFFERENCES MAY BE CORREALATED WITH VARIATIONS IN INACTI=-

VATION RATE. EARLY WORK (26‘) SUGGESTED A RELATIONSHIP

BETWEEN THE MAGNITUDE OF THE AREA RESPONSES (31) AND THE



A CO (mg o/o)

Hrs. post Injection

F1GURE 33%. AREA RESPONSE CURVES FOR VARYING DOSES OF
HuMaN CT IN rRATs (85). O~ VEHICLE ONLY,
®- 20 MRC U, X - 100 MRC U, A~ 400 MRC U.



Area Responss (mg%-hr)

F1GURE 34.

20 7Y 150 200 500

Dose (MRC mU)

PLOTS OF LOG DOSE VERSUS AREA RESPONSE FOR
CALCITONINS FROM SEVERAL SPECIES (85).

O- HuMAN CT, &- BoviInNe CT (31), o=
porRCcINE CT, ®-coo CT, A -SALMON CT,

B - cHICKeEN CT.
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FI1GURE 35. INACTIVATION OF CALCITONINS FROM SEVERAL SPECIES
DURING INCUBATION IN SERUMS FROM SEVERAL SPECIES (85).

(A) RAT SERUM. e~ pPORCINE CT, 4a— HuMan CT,
m~- saLMoN CT, v~- CHICKEN CT.

(8) PorCINE CT 1INt A~ PORCINE SERUM, @~

CHICKEN SERUM, HE— SALMON SERUM.

SaLmon CT 1INt A—- PORCINE SERUM, O= CHICKEN

SERUM, O- SALMON SERUM.

(¢) HuMAN SERUM. ®~— HUMAN CT, v- poRrRCINE CT.
RAT SERUM, o- HuMman CT, v- PORCINE CT.
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AN VITRO INACTIVATION RATES OF THE HORMONES INCUBATED [N
PLASMA., MORE RECENT EXPERIMENTS (85) HAVE coﬁFiRMEn AND
EXTENDED THESE FINDING. THE TABLE BELOW PRESENTS A TYPICAL
vssf OF AREA RESPONSES FOR HUQAN CT IN THE RAT CALCULATED

FROM THE DATA IN FiGure 33,

Dose (MRC mU) ARea (MG% - HOUR)
20 | 3.5
1QO - 6.8
400 | 13,3

\WHEN THE AREA RESPONSES-ARE.PLOTfED AGAINST THE LOG OF

THE DOSE A LINEAR'RELATIONSHIE IS SEEN AS SHOWN IN FiGUuRrRe 34.
THIS FIGURE ALSO SHOWS THE PLOTS FbR SIMILAR'DATA~FOR:TWO.
OTHER THYROID CALCITONINS AND FOR THREE ULTIMOBRANCHIAL
CALCITONINS, THE SLOPES OF THESE LINES,INDICATEb THAT A
CLEAR DICHOTOMY EXISTED BETWEEN THESE TWO fYPEs ofF CT

AND THAT THE RESPONSE TO THE ULTIMOBRANCHIAL CALCITONINS,
HAD A MARKéoLY DIFFERENT TIME COURSE.

WHEN THESE CALCITONINS WERE INCUBATED WITH SERUM FROM
VARIOUS SPECIES AT 370 AND THE RATE OF INACT!VATION DETER—
MINED BY BfOASSAY;A FA:RLY CLEAR PATTERN EMERGED WITH THE
MAMMAL I AN CALCITONINS AS A GROUP BEING MORE RAPIDLY INACTI=
VATED THAN THE ULTIMOBRANCHIAL CALCITONINS AS ‘SHOWN IN
Ficure 35 (a). As sHowN IN Figure 35 (8) ano (c) THIS
RELATIONSHIP WAS RELATIVELY CONSTANT REGARDLESS OF THE PLASMA
USED AS THE I&ACTIVATlNG.MEDIUM, SUGGESTING THAT SOME
FUNDAMENTAL STRUCTURAL DIFFERENCE BETWEEN THE TwO TYPES OF

CALCITONINS WAS RESPONSIBLE FOR DIFFERENTIAL INACTIVATION
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FIGURE 36. COMPARISON OF IN VITRO INACTIVATION OF SALMON

AND CHICKEN CT IN RAT SERUM TO THEIR DISAPPEAR™
ANCE RATES IN NORMAL AND NEPHRECTOM!ZED RATS

(85).

(a) CHicken CT M- RAT SERUM, A= NEPHREC—
TOMIZED RATS, @— NORMAL RATS.
(8) Satmon CT O- RAT SERUM, A= NEPHREC-

TOMIZED RATS, O- NORMAL RATS.
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RATES IN PLASMA. THUS THE STABILITY OF A CT IN VITRO IN

SERUM WAS A FAIRLY GOOD INDEX OF THE EXPECTED TIME COURSE

FOR THE IN VIVO RESPONSE TO THAT CT. THI$ Dto NOT‘MEAN THAT
THERE WAS A DIRECT CAUSE AND EFFECT RELATIONSHIP;”HOVEVERQ
THE RESULTS OF DE LUISE ET AL'(37) INDICATED THAT THE
INACTIVATION OF SALMON CT BY LIVER HOMOGENATES 'WAS ALéo‘
MUCH SLOWER THAN THE INACTtvgflo&.OF PORCINE CT, squEsrlNc
. THAT THE MECHANISM FOR INACTIVATION IN THE LIVER MléHT BE
SIMILAR TO THAT IN PLASMA. PERHAPS THEISAMQ ENZYMES QERE
RESPONSIBLE IN BOTH CASES SlNCE‘THE LIVER IS KNOWN TO BE THE
SOURCE OF MANY PLASMAAENZYMESQ"

AN ADDITIONAL POSSIBILITY wHicH'HAo TO BE donsuoEREo
WAS THAT THE DECREASED INACTlVATJbN OF THE ULTIMOBRANCHIAL
CALCITONINS RESULTED FROM INCREASED BINDING TO PROTECTING
PROTEINS RATHER THAN FROM A bscREAseo RATE OF ENZYMATIC

DEGRADATION. THE DISAPPEARANCE RATES OF BIOLOGICAL ACTIVITY

FOR TWO CALCITONINS IN IN VIVO EXPERIMENTS IN NORMAL ANOD

NEPHRECTOMI ZED RATS ARE SHOWN IN FIGURE 36 COMPARED TO THE
DISAPPEARANCE RATES RESULTING FROﬁ JN VITRO INCUBATIONS 1IN

RAT SERUM. THE VARIATIONS IN THE | VIVO DISAPPEARANCE

RATES WERE NOT SIGNIFICANT.AND SHOWED NO CORRELA}ION’WITH
THE AREA RESPONSE DATA. IT SHOULD BE NOTED THAT THE DOSES
.GIVEN WERE NOT LARGE ENOUGH TO ALLOW MEASUREMENT OF THE
SECOND EXPONENTIAL COMPONENT, SINCE CIRCULATING HORMONE
LEVELS DROPPED TO UNMEASURABLE LEVELS BEFORE THIS PABT OF

THE CURVE WOULD BE REACHED. WEST €T AL (130) REPORTED

SIMILAR RESULTS IN EXPERIMENTS USING -RELATIVELY LOW DOSES
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WHERE HORMONE LEVELS WERE DETERMINED BY BIOASSAY. THESE
CURVES THEREFORE GIVE NO INFORMATION ABOUT INACTIVATION
RATES, BUT éATHER INDICATE THAT NEITHER THE ODIFFUSION RATES
FROM COMPARTMENT 1.TO COMPARTMENT 2 NOR RENAL EXCRETION
RATES FOR THESE CALCITONINS DIFFER SIGNIFICANTLY., THIS
SUGGESTS THAT THE BINDING OF THE CALCITONINS TO PLASMA
"PROTEINS 1S NdT A MAJOR FACTOR IN DETERMINING THE AREA
RESPONSES.

ALL OF THE DATA‘DISCUSS_ED ABOVE POINTED TOWARDS THE
PROTEOLYTIC gNZYMéS‘IN.?LASMA AS A MAJOR FAcde IN DETER-
MINING THE TIME COURSE OF THE PHYSIOLOGICAL RESPONSEZTO
STRUCTUALLY DIFFERENT CALCITONINS, THE POSSIBILITYHSTILL
EXISTED TH@T THE PLASMA ENZYMES WERE NOT DIRECTLY RESPON-
SIBLE,‘§UT I T SEEMED CLEAR. THAT THE RATE OF INACTIVATION BY
THESE ENZYMES WAS INDICATIVE OF THE OVERALL RATE OF INACTI=-
VATIONe. THE ROLE OF CARRIER PROTEINS WAS ALéo UNCLEAR, BUT
IT APPEARED THAT»A.BETTER KNOWLEDGE OF THE CHARACTERISTICS
OF THE DEGRADING ENZYMES WOULD BE REQUIRED BEFORE THIS
PROBLEM COULD BE STUDIED. |T WAS THEREFORE ESSENTIAL TO
srubv THESE ENZYMES.IN GREATER DETAtL TO OBTAIN A CLEARER
PICTURE OF HOW VARIAT;ONS IN HORMONE STRUCTURE‘INFLnyCED
THE RESPONSE TO THE HORMONES. |

THiIS TYPE OF INFORMATION IS PARTICULARLY IMPORTANT
SINCE WORK BY NEERlEl AL (79) HAS SHOWN THAT THE RESPONSE
DIFFERENCES OCCURED IN MAN AS WELL AS THE. RAT AND THAT THE
MORE STABLE SALMON CT 1S POTENTIALLY MUCH MORE VALUABLE

THERAPEUTICALLY THAN 1s PORCINE CT. SINCE ONE OF THE MAJOR
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VALUES OF compARAflvs DATA IS ITS APPLICATION TO FINDING OR
DESIGNING MORE STABLE AND MORE ACTIVE HORMONES FOR CLINICAL
APPLICATION, HUMAN PLASMA WAS USED IN THESE STUDIES. THE
WORK OF TASHJUIAN AND VOELKEL (122) ON THE HUMAN PLASMA
INACTIVATORS PROVED VALUABLE IN DESIGNING EARLY EXPERIMENTS,

A LARGE NUMBER OF PROTEOLYTIC ENZYMES ARE KNOWN TO EXIST
IN HUMAN PLASMA AND SERUM, AND A NUMBER OF THEM COULD ACT ON
THE CALCITONINS. THE CHARACTERIZATION OF THE ROLES OF ALL
THESE ENZYMES IN THE INACTIVATION OF THE CALCITONINS WAS
Bévouo THE SCOPE OF THIiS srubv AND WORK WAS CONFINED TO
ENZYMES WHICH ACTED AS MAJOR PATHWAYS FOR DEGRADATION AND
WHICH APPEARED TO DIFFERENTIATE BETWEEN CALCITONINS WITH
KNOWN STRUCTURAL DIFFERENCES. AMONG THE ENZYMES OF KNOWN
SPECIFICITIES WHICH MIGHT BE EXPECTED TO FIT THIS DESCRIPTION
WERE THOSE WHICH CLEAVED AT AROMATIC RESIDUES SUCH AS PEPSIN,
CONVERTING ENZYME AND POSSIBLY CHYMOTRYPSIN; ALL OF WHICH
ARE KNOWN TO OCCUR IN PLASMA TO AT LEAST A LIMITED EXTENT
'AND WOULD BE MUCH MORE DAMAGING TO THE MORE AROMATIC
MAMMALIAN CALCITONINS THAN TO THE SALMON HORMONE. A SECOND
GROUP OF ENZYMES LIKELY TO BE INVOLVED IN DEGRADING THE
CALCITONINS WERE THOSE WITH SPECIFICITIES FOR BASIC RESIDUES
SUCH AS TRYPSIN, THE PLASMA-KALLIKREINS,. THE ENZYMES FROM
PROTHROMB (N (AuropRorHRomelN C AND THROMBIN) AND THE PLASMIN
TYPE ENZYMES. ANOTHER REACTION WHICH COULD OCCUR, ADDING EVEN
MORE CONFUSION TO THE PICTURE, IS REDUCTION, BY GLUTATHIONE

AND OTHER REDUCTIVE AGENTS AND DISULFIDE INTERCHANGE WITH

OTHER PLASMA PROTEINS. THE REDUCTIVE INACTIVATION REACTIONS
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MAY OCCUR AT DIFFERENT RATE IN VIVO AND IN VITRO SINCE

" CONTINUAL RENEWAL OF THE REDUCTION AGENT WOULD BE POSSIBLE

——

IN VIVO., THE PROBLEM OF DISULF[DE‘INTERCHANGE HAS BEEN
PARTICULARLY PREVALENT WITH HUMAN CT wHICH APPEARS TO
DIMERIZE READILY (80). -

THE WORK DESCRIBED IN THIS CHAPTER EARTIALLY CHARACTERIZES
THE ROLES OF dee OF THESE FACTORS N THE DIFFERENTIAL INACT |~
VATION OF THE VARIOUS CALCITONINS, AND PROVIDES A STARTING
POINT FOR FURTHER STUDIES ON THE DETAILS OF THIS UNODOUBTABLY
COMPLEX'PROBLEM. . THE FIRST STEP IN THIS TYPE OF STUDY IS TO
ESTABLISH PROCEDURES FOR ASSAYING THE INACTIVATING PROPERTIES
OF THE VARiOUS.PLASMA.COMPONENTS; THE PROBLEMS INVOLVED IN
SUCH. AN ASSAY AND THE PRoceouRES WHICH WERE TRIED AND

EVENTUALLY ADOPTED ARE ODESCRIBED (N THE-NEXT SECT{ON.

B. Assay PROCEDURES.

T WAS DECIDED THAT ONLY THE BIOASSAY COULD PROVIDE

UNEQUIVOCAL DATA ON lNACTIVATION SINCE PROCEDURES SUCH AS

TCA PRECIPITATION OF 131

I LasetLed CT AND RADIOIMMUNOASSAYS
CANNOT BE EXPECTED TO CORRESPOND TO THE BIOASSAY UNDER THE
CONDITIONS OF THE EXPERIMENTS. FOR EXAMPLE THE SPECIFICITIES
OF THE RADIOIMMUNOASSAYS FOR CALCITONIN STUDIED HAVE BEEN
SHOWN TO BE FOR ONLY ONE PORTION OF THE MoLEcuLe (18, 34, 40).
CLEARLY THIS PROCEDURE COULD NOT DISTINGUISH BETWEEN INACTIVE
FRAGMENTS AND THE ACTIVE WHOLE MOLECULE. THUS THE PROBLEMS

0OF THE INACT‘QATION ASSAY WERE COMPOUNDED BY THE INHERENT

VARIABILITY OF THE BIOASSAY.

IN THE EAhLY STAGES OF THE EXPERIMENTS ATTEMPTS WERE
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MADE TO DEVELOP QUANTITATIVE ASSAY PROCEDURES WHICH WOULD
ALLOW DETERMINATION OF THE TOTAL INACTIVATOR PRESENT IN A
SAMPLE AND PERMIT ESTIMATION OF RECOVERY iﬁ SUBSEQUENT PURI-
FICATION STAGES. THESE MET WITH SOME SUCCESS AND IT WAS
POSSIBLE TO MEASURE RATE CONSTANTS AND éSTlMATE‘MAXlﬁUM
VELOCITIES FOR SOME OF THE STARTING MATERIALS. THE PROCEDURES
INVOLVED WERE QUITE bompLsx HOWEVER, AND REQUIRED VERY
"EXTENSIVE USE OF BIOASSAYS SINCE NUMEROUS INCUBATIONS WERE
NECESSARY WITH FREQUENT SAMPLES FOR BIOASSAY. IT eECAMé
EVIDENT THAT TH1S PROCEDURE WAS NOT SUITABLE FOR SURVEYING
COLUMN ELUATES BECAUSE>OF ITS COMPLEXITY AND BECAUSEAOF THE
INSTABILITY OFITHE CALCITONINS AT Low CONCENTRATION 1IN
BUFFER SOLUTIONS. ALDRED AND SCHLUETER (1) HAVE CHARACTéRIZED
THIS TYPE OF INACTIVATION IN A NUMBER OF SIfUATIONS. BRIEFLY,
THEIR RESULTS INDICATED THAT INACTIVATION OCCURRED RAPIDLY
ABOVE PH 5 IN BUFFER SOLUTIONS AND THAT THE INACTIVAT1ON
COULD BE RETARDED BY THE PRESENCE OF A VARIETY OF OTHER
PROTEINS IN THE SOLUTION. |T WAS FOUND, FOR EXAMPLE, THAT
WHILE INCUBATION OF CT IN SERUM OR IN SODIUM ACETATE BUFFER
CAUSED COMPLETE INACTIVATION IN 4 HOURS AT 370 Cy THE INACTI-
VATION WAS INSIGNIFICANT AT SERUM‘DILUTIONS.OF'121OO To 1:1000.
THUS SMALL QUANTITIES OF PROTEINS WERE PROTECTIVE. THIS.
TYPE OF PHENOMENON OCCURED IN THE PRESENT STUDY AND LED TO
SITUATIONS WHERE COLUMN ELUATE FRACTIONS CONTAINING LITTLE
OR NO PROTEIN APPEARED TO CONTAIN MORE INACTIVATOR THAN THE
STARTING MATERIAL——A CLEARLY UNSATISFACTORY RESULT.

EVENTUALLY A SEMI—-QUANTITATIVE ASSAY FOR INACTIVATOR WAS
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DEVELOPED WHICH WAS NOT SENSITIVE TO VARIATIONS IN PROTEIN
CONCENTRATION, ~ I|T SEEMED LIKELY THAT A MAJOR FAchR IN THIS
eu?FER lNACfIVATION WAS ADSORPTION OF THE CT TO THE WALLS OF
THE INCUBATION.VESSELS,; AND A SERIES OF TESTS WERE CARRIED
OUT TO SEE IF THIS ADSORPTION COULD BE BLOCKED BY ﬁoolrvlud
THE VESSEL WALLS. SINCE ADDITION OF EXTRANEOUS PROTECTIVE
PRdTEINS SEEMED LIKELY TO INTERFER WITH THE ENZYMATIC
‘oNAcrqur|o~ WHICH WAS BEING MEASURED THIS APPROACH WAS NOT
SUITABLE FOR THE PﬁESENT PURPOSES. SILiCONIZED GLASS AND
PLASTIC VESSELS PROVED TO CAUSE A MORE RAPID INACTIVATION
THAN GLASS, AND ACID WASHED GLASS WAS EQUALLY UNSUITABLE.
IN FACT, ACID WASHED GLASS INACTIVATED AT A GREATER RATE
THAN DETERGENT WASHED GLASS SUGGESTING THAT THE GLASS SUR=
FACE MIGHT BE ACTING AS A CA}ION EXCHANGER,-ANDlGLASS
VESSELS WASHED IN 2-M SODIUM HYDROXIDE PRIOR TO A DISTILLED
WATER RINSE WERE TRIED. CT COULD BE INCUBATED AT 37%° ¢ In
PH T.4 TR1s~HCL BUFFER FOR PERIODS UP TO TWO HOURS IN THESE
VESSELSAWITH LITTLE OR NO INACTIVATION. |IF THEIINCQBATIONS
WERE EXTENDED FbR LONGER PERIODS A SLOW INAcerArldN
OCCURED POSSIBLY RESULTING FRdM DISULFIDE lNTERbHANGEVAT
THIS HIGH PH. | |
SINCE INCUBATION OF CT WITH THE MAJOR INACTIVATOﬁ
FRACTIONS RESULTED IN MARKED REDUCTION IN ACTIVITY IN A
30 MINUTE PERIOD AT 37° C AnD PH Te4,1T WAS POSSIBLE TO USE
THIS RELATIVELY SIMPLE PROCEDURE TO INDICATE WHICH FRAC-

TIONS CONTAINED SIGNIFICANT INACTIVATOR ALTHOUGH NO DETAILED

RECORD OF QUANTITATIVE YIELDS WAS POSSIBLE. IN GENERAL,
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ALIQUOTS OF A SOLUTION CQNIAINING'Q.S MRC U/mML oF PorRCINE CT
(ARMOUE'PHARMACEUTICAL,Co. ALO8%1) N PH 7.4, 0.1 M TriIs=HCL
WERE MIXED WITH AN EQUAL VOLUME OF VAR?Ous COLUMN ELUATE
FRACTIONS ADJUSTED TO PH 7.4 wiTH TRIS BASE AND INCUBATED

FOR ONE HOUR AT 37°C. SAMPLES, TAKEN AT ZERO TIME AND ONE
HOUR WERE SUITABLY DILUTED AND BIOASSAYED AS DESCRIBED IN
CHAPTER 1. fwd DILUTIONS OF EACH SAMPLE WERE ASSAYED WITH
THE SECOND USUALLY A TWO FOLD DILUTION OF THE ?ler.‘ Four
RATS WE.RE USED FOR EACH DIVI.:UT|ON AND THE REMAININé BIOLOGICAL
ACTIVITY CALCULATED FROM THE AVERAGE ResPoNses OF EACH GROUP, .
THE ZERO TIME ACTIVITY WAS TAKEN AS 100% AND THE PERCENTAGE

OF BIOLOGICAL ACTIVITY REMOVED IN ONE HOUR USED AS AN INDEX

OF THE INACTIVATOR PRESENT. SLIGHT VARIATIONS OF THIS
PROCEDURE WERE USED'?OR'VARIOUS.ASSAYS AND THE DETAILS WILL

BE INCLUDED IN THE DESCRIPTIONS OF THE pURIFICATION STAGES.

'C. PARTIAL PURIFIGATION OF A SELECTIVE M"CaLciTONINASE",
1. SeLecTion QF STARTING MATERIAL. |

THE WORK OF TASHJUIAN AND VOELKEL_(122) SHOWED THE PRESENCE
oF PORCINE CT INACT‘VATING‘FACTORS IN HUMAN AND RAT SERUMS
AND PARTIALLY CHARACTERIZED THESE FACTORS. ~ THE WORK
DESCRIBED IN THE INTRODUCTION TO THIS CHAPTER INDICATED THAT
THESE FACTORS WERE NOT PRRTICULARLY.EFFECTIVE IN INACTIVATING
SALMON CT AND THAT THIS FAILURE.TO INACTIVATE THE SALMON
HORMONE PROBABLY CONTRIBUTEDiSIGNIFICANTLY TO THE ENHANCED
PHYSIOLOGICAL éstcr OF THIS HORMONE. FURTHER CHARACTER!-
ZATION OF THESE FACTORS COULD AID IN DEFINING THE STRUCTURAL

DIFFERENCES IN THE SALMON MOLECULE RESPONSIBLE FOR THIS
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RESISTANCE 10 INACTIVATION. SUCH CHARACTERIZATION REQUIRED
THAT THE INACTIVATING ENZYMES BE OBTAINED IN RELATIVELY Puﬁe
FORM SO THAT ONLY ONEITYPE'OF INACTIVAT‘ON OCCURED IN A GIVEN
INCUBATION ALLOWING IDENTIFICATION OF THE REACTION PRODUCTS .
TO oercamu&e THE SPECIFICITY OF THE ENZYME, BécAuss_pF THE
VAST NUMBER OF COMPONENTS PRESENT IN SERUM AND THE RELATIVELY
LARGE QUANTITY OF STARTING MA%ER!AL WHICH wWOULD BE NEEDED TO
Y{ELd SIGNIFICANT PURIFIED PRODUCT COMMERCIALLY PREPARED

COMN PLASMA FRACTIONS WERE USED AS STARTING MATERIAL.

IT wAsS FIRST NECESSARY, HOWEVER, TO DEMONSTRATE THAT
UNCLOTTED PLASMA AND SERUM HAD A SIMILAR INACTIVATING
ABILITIES SINCE THE PdSSlenL|1Y~Exysreo THAT THE CLOTTING
ENZYMES WERE RESPONSIBLE FOR THE INAéTIVATION. To TEST TH:S;
SAMPLES OF RABBlT.SERUM/AND HEPARlleéb RABBIT.PLASMA wznt
PREEARéD‘CO&TAINING 20 MRC U/mML oF PonciNE CT AND INCUBATED
AT 37°C FOR 75 MIN. ALtQuofs WERE TAKEN FROM THE INCUBATION
SAMPLES AT ZERO TIME AND 75 MIN., AND WERE BIOASSAYED AS
PREVIOUSLY DESCRIBEDs THE MEAN PLASMA CALCIUM LEVEL OF THE
"TEN RATS INJECTED WITH BOTH ZERO TIME SAMPLES wAS 8.5 % 0.1
Mc% (is.E.M.), AFTER THE 75 MIN INCUBATION THE MEAN PLASMA
CALCIUM LEVEL OF FIVE RATS INJECTED WITH THE SERUM SAMPLE
wAS 9.2 * 0.1 MG%.. THE CORRESPONDING VALUE FOR THE PLASMA
"SAMPLE WAS 9.3 % 0.1 MG%. BOTH VALUES WERE SIGNIFICANTLY
LOWER THAN THE ZERO TIME LEVEL (P<.005), BUT THsRé WAS NO
SIGNIFICANTVDIFFERENCE earw;eN THE TWO VALUES, INDICATING

THAT THERE WAS LITTLE DIFFERENCE IN THE AMOUNT OF INACTIVATOR

PRESENT.



TABLE 1IX

INACTIVATION OF PORCINE CT DURING INCUBATIONS WITH HUMAN
PLasMA FRACTIONS

INCUBATION ~ PLASMA CALCiuM LEVELS +S.E M, (MG%)
SoLuTioON : - ZERO TIME 3 HOURS
BuFFER ONLY ©10.2 + 0;1 (5) . . R
LYoPHILIZED ' o .
PLASMA 8.4 + 0.1 (5) 9.1 + 0.1 (2)
Coun | _ " 8.3 + 0.1 (2)
“ Coun 11 | oom 8.3 + 0.1 (2)
Coun 111-0 I 1041 # 0.1 (2)
Coun 1 t1 ‘ " 8.5 + 0.1 (2)
Coun 1V=1 | " 1044 + 0.1 (2)
COHN V=4 - " 10.7 + g.1 (2)
CoHN V " 8.8 + 0.1 (2)

% NUMBER OF ANIMALS INJECTED.
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COHN FRACTIONS FROM HUMAN PLASMA (NU*RITIONAL BIOCHEM=
1caL CorP., CLEVELAND, OHld)iAs LISTED IN TaBLE |X WERE
ADDED TO PH 7.4;_0.1'M TRIS=HCL BUFFER IN CONCENTRATIONS
APPROXIMATING THOSE WHICH EXIST IN PLASMA (See 92), AND
SHAKEN FOR BO.MIN. ANY,JNSOLUBLE RESIDUE WAS REMOVED BY
CENTRiFUGATlON AND THE SUPERNATES USED FOR INCUBATIONS WITH
PORCINE CT. THE SAMPLES WERE MADE UP TO A CONCENTRATION OF
20 MRC‘MU/ML, AND ;NCUBATED AT‘37°C. BIOASSAYSHWERE£CARRLED
ouT AT ZERO TIME AND AETER 3 HOURS OF INCUBATION, ASbTHE
PLASMA cALétuns OF THE RArs'fNchrED.AT ZERO TIME p:b NOT
VARY SIGNIFICANTLY THE DATA WAS POOLED. THE AMOUNT OF CT
IN THE REDISSOLVED LYOPH;LIZED_PLASMA SAMPLE AFTER 3 HOURS
WAS REDUCED MARKEDLYlAND No_MEAsuhABLe CT REMAINED IN THREE
OF THE SEVEN COHN FRACTIONS,'IND[CAT;NG THAT INACTIVATORS
WERE PRESENT ;N MORE THAN ONE FRACTION ElfHER BECAUSE MORE
THAN- ONE ENZYME WAS iNVOLVED OR 'BECAUSE A SINGLE ENZYME WAS
PRESENT IN MORE THAN ONE FRACTION. FURTHER resvé ON DILUTED
SAMPLES OF THESE THREE FRACTIONS iNDICATED THAT FRAcrlo&
IV=1 wAS SLIGHTLY MORE POTENT fN 1NACT|VATING~PORCINE CT

AND THIS FRACTION WAS CHOSEN FOR FURTHER WORK.

2. PRELIMINARY PURlFiCATION ExPER]MENTs.

DURING THE'EXPER;MENTS IN THE PREVIOUS SECTION IT WAS
OBSERVED THAT A LARGE PERCENTAGE OF THE MATERIAL IN FRACTION
V=1 wAS INSOLUBLE IN THE PH 7.4 BUFFER. THUS A CONSIDERABLE
PURIFICATION COULD BE ACHlsvsd BY EXTRACTING THE FRACTION
WITH THIS BUFFER. [N AN INITIAL EXPERIMENT 1 G OF FRACTION

IV=1 wAS EXTRACTED FOUR TIMES WITH 10 ML ALIQUOTS OF BUFFER,
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FIGURE 37. ELUTION PROFILE OF AN EXTRACT OF HUMAN COHN

FRACTION IV=1 oNn SepHADEX G-200. CoLuMn, 2.5 X
90 ¢M3; ELUANT, PH 7.4, 0.1 M Tris=HCL BUFFER;
TEMPERATURE, 490 C; FLOW RATE, 20 cM/HR; FRACTION
SIZE, 6.8 MmL. %CT REMOVED DETERMINED IN INACTI=-
VATION ASSAY AS DESCRIBED IN TEXT.
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AFTER ADDITION OF EACH 10 ML ALIQUOT, THE MIXTURE WAS.
SHAKEN FOR 30 MIN AND THEN CENTRIFUGED AND THE SUPERNATES
SAVED. AN ALIQUOT OF EACH SUPERNATE WAS THEN INCUBATED WITH
PORCINE CT AS PREVIOUSLY DESCRIBED TO DETERMINE ITS INACTI=-
VATION ACTIVITY., THE INACTIVAT‘ON RATE DROPPED MARKEDLY N
THE LAST TWO SAMPLES AND IT WAS DECIDED THAT ONLY THE FIRST
.TVO SAMPLES sHOULo BE POOLED FOR FURTHER PURIFICATION,

A 3 ML SAMPLE OF THE POOLED MATERIAL WAS TAKEN FOR
CHROMATOGRAPHY Af 40 C ON A 2.5 x 90'cn SEPHADEX ADJUSTABLE
COLUMN CONTAINING SeEPHADEX G-=200 EQUILIBRATED IN 7.4, 0.1.M
TRiIs=HCL BUFFER. THE ELUATE WAS COLLECTED IN 6.8 ML
FRACTIONS AT A RATE OF 20 ML/HR AND THE ABSORBANCE AT 280 NM
FOLLOWED AS AN INDEX.OFWPROTEIN. THE SAMPLEAUAS APPLIED TO
THE BOTTOM OF THE COLUMN THROUGH:A THREE=WAY VALVE AND
ELUANT FLOW WAS UPWARDS TO PREVENT THE SEPHADEX FROM PACKING.,
THE ELUTION PROFILE FOR THE COLUMN IS sn&wn IN FlGURE 37.

THE COLUMN ELUAfE VAS.DIQIDEO INTO FIVE'#OOLS AS INDICATED

IN THE FIGURE AND EACH POOL ASSAYED FOR |~A¢f|VAtoR'As
DESCRIBED IN SECTION B-éxcaéT THAT THE CT SOLUTION CONTAINED
onLY 40 MRC MU/MLYSO THAT THE FINAL INCUBAi}ON MIXTURE
conTaINED 20 MRC'MU/ML.V THE © PERCENT OF CT ACTIVITY REMOVED
IN ONE HOUR IS SHOWN iN THE FIGURE ABOVE THE ELUTION PROFILE.

THE RESULTS OF rHis Exbsauﬁgwr WERE IN MANY,wAYs SIMILAR
TO THOSE OF TASHJIAN AND VOELKEL (122) ON WHOLE HUMAN SERQM.
Two REGIONS WERE oasséveo TO CONTAIN INACTIVATORS IN EACH
CASE AND THE MOLECULAR WEIGHTS OF THE INACTIVATORS WERE

SIMILAR., THE LARGER COMPONENT HAD A Ky LESS THAN 0.3 1IN
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EACH CASE WHILE THE SMALLER COMPONENTS HAD KD's GREATER THAN
0.7. THesE KD'S INDICATE ﬁOLECULAR'wEchTS GREATER THAN
100,000 anp Less THAN 30,000 RESPECTIVELY. THIS DATA CANNOT
BE TAKEN TO INDICATE THAT THE SAME COMPONENTS WERE RESPONSIBLE
FOR INACTIVATION‘IN‘BOTH.CASES, BUT THIS POSSIBILITY CANNOT
BE RULED ourQ PooL B wAS INVESTIGATED FIRST SINCE IT
APPEARED TO CONTAIN MORE INACTIVATING ACTIVITY THAN THE
OTHER POOLS,

THE ENTIRE'REMAININGlVOLUME oF pooL B wAs’ALLowEo.To
FLOW ONTO A 2 x 20 cm 60LQMNWOF DEAE-SePHADEX WHICH HAD BEEN
EQUILIBRAfED V;TH PH 7.4, 0.1 M TRis-=HCL BUFFER AND THE
ELUATE COLLECTED IN 6.8 ML FRACT‘ONS AT A RATE OF 10 ML/HR{
A LINEAR GRAD‘ENT OF TRiﬁ—HCL BUFFER FROM 0.1 M (pPH 7.43
. CONDUCTIVITY, 3¢5°MMHOS; VvOLUME, 50 ML) TO'O.S M (pH 7,4{
CONDUCTIVITY, 16.0 MMHOS; VOLUME, 50 ML) WAS THEN APPLIED
4T0 THE COLUMN, UNDER_THE,CONoiTiONS OF THIS COLUMN NONE . OF
THE INACTIVATIN&FAC+IVITY REMA?NED ONbTHE RESIN:: IN THE
INITIAL BUFFER, BUT ABOUT 50% OF THE MATERIAL ABSORBING AT
280 NM 'was ADSORBEDAND.SUBSEQUENTLY‘REMOVED AS A BROAD PEAK
BY THE GRADIENT. THis RESULT SUGGESTED THAT DEAE-SEPHADEX
' COULD BE USED IN A BULK ADSORPTION STEP FOLLOWING THE
EXTRACTION TO REMOVE A NUMBER OF CONTAMINANTS.

THE INAGTIVATING MAIERlAL FROM THE iNlrlAy ELUATE
FRACTiONS OF THIS COLUMN WERE POOLED ANo USED IN A SERIES oF
EXPERIMENTS TO DEFINE cbuolf‘bns FOR ADSORPTION OF THE
ACTIVE conpoﬁ;wr TO CM-SEPHAbEx FOR FURTHER PURIFICATION,

THE CONDITIONS WHICH PROVED MOST SUCCESSFUL WERE USED IN
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SUBSEQUENT EXPERIMENTS AND ARE DESCRIBED IN THE;PURLFICATION

SCHEDULE IN THE NEXT SECTION,

3. PREPARATION OF HiéHLY Pualrleb "CALéIrONINASE"w

A 5 G sAMPLE OF COHN FRACTION IV-1 wAS MIXED WITH 30 ML
oF PH 7.4, 0.1 M TRis-HCL BUFFER AND‘SHAKEN FOR o&s ﬁoua AT
ROOM TEMPERATURE. |T WAS THEN CENT#IFUGED T0 YAELD A'CLEAR
SUPERNATE WHICH WAS REMbv;o AND SAVED. THEHRESiDUE wAs
RESUSPENDED IN ANOTHER 30 ML OF BUFFER AND SHAKEN ‘AGAIN.‘
THIS PROCESS OF RESUSPENSION ANo CENTRIFUGATION yAs REPEATED
A TOTAL OF THREE T;MES'YIELDING 80 ML OF POOLED SUPERNATES.
THE POOLED SUPERNATES WERE ADDED T0 20 6 oF DEAE~-SeEPHADEX
WHICH HAD BEEN PREVIOUSLY EQUILIBRATED WITH PH 7.4, 0.1 M
TR1s-HCL BUFFER AND .THE MLXTURE WAS STIRRED Foavrwo Houné AT
ROOM TEMPERATURE. THE MIXTURE WAS THEN FILTERED AND THE
SEPHADEX WASHED TWICE wWiITH 50 ML oF PH 7,4, 0.1 M Tris~HCL
BUFFER. THIS WAS FOLLOWED BY TWO WASHES VITH 50 ML oOF |
DISTILLED WATER, AND ALL OF fHE FILTRATES WERE POOLED. THE
TOTAL FILTRATE VOLUME OF Aeoui 300 ML WAS REDUCED T0 10 ML
BY LYOPHILIZ%TION, AND THIS 10 ML EXTRACT USED FOR FURTHER
PURIFICAT!ON‘BY COLUMN CHROMATOGRAPHY'

THE ENTIRE 10 ML SAMPLE WAS APPLIED TO A SEPHADEX G-200
COLUMN IDENTICAL TO THAT DESCRIBED IN THE PRECEDING "SECTION
EXCEPT THAT O.1 M FORMIC ACID WAS USED AS AN ELUANT. THE
H1GH MOLECULAR WEIGHT COMPONENTS CAME OFF IN A SINGLE BROAD
PEAK WHICH WAS WELL éEPARATED FROM THE SMALLER COMPONENTS

AND THE SALT, AND THE COLUMN FRACTIONS WERE DIVIDED INTO TWO
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FIGURE 38. ELUTION PROFILE OF SEPHADEX G-200 PRODUCT ON
CM-SEPHADEX C-25. CoLumMN, 2 X 20 CMj; ELUANT,
LINEAR GRADIENTS OF PH 5.0 AMMONIUM ACETATE
FrRoM O.1 M 10 0.5 M anNnD FROM 0.5 M 10 1.0 M3
TEMPERATURE, 40 C; FLOW RATE, 20 ML/HR}
FRACTION SI12E, 6.8 ML.
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POOLS.

TH£~PodL CONTAINING THE LARGE COMPONENTS (FRACTIONS
20 THROUGH 45, see FIGURE 37) HAD A TOTAL VOLUME 0F 170 mL.
WHEN THIS SOLUTION WAS ADJUSTED T0 PH 5.0 wITH AMMONIUM
HYDROXIODE FOR APPLICATION TO THE NEXT COLUMN THE SOLUTION
CLOUDED. THE“SUSPENDED COLLOID WAS NOT REMOVED BUT THE
ENTIRE SAMPLE INCLUDING THE SUSPENDED COLLOID_VAS APPLIED TO
A2 x 20 cm chUMN 0F CM~SepHADEX, C-25 EQUILIBRATED WITH
0.1 M_Anuoniun ACETATE BOFEER At PH 5.0, THE COLUMN_WASl
WASHED WITH 250 ML OF 0.1 M AMMONIUM ACETATE BUFFER AT PH 5.0
AND THE MATERlAL WHICH:REMA;NED ADSORBED ON THE chUMN WAS
ELUTED wlrh A LINEAR'GRAD‘ENT OF AMMONIUM ACETATE BUFFER
FrRoM 0.1 M (PH 5.0; co~ouc71viry,.3.5 MMHOS3; VOLUME, 250 ML )
16 0.5 M (PH5.05 conpbucTIvITY, 16,0 MMHOS; VOLUME, 250 ML). .
‘A SECOND L;NEARuGRAbiENT OF AMMONIUM ACETATE BUFFER FROM
0.5 M (PH 5.03 CONDUCTIVITY, 16.0 MMHOS; VOLUMg,_250'ML) TO
1.0 M (PH 5.03 CONDUCT(VITY, 26.0 MMHOS; VOLUME, 250 ML) waAS
EMPLOYED rd'iNsune THAT ALL COMPONENTS WERE REMOVED. FELUATE
WAS COLLECTED IN 6.8 ML FRACT}ONS AT A RATE OF. 20 ML/HR.

THE RESULTs FROM TH‘S COLUMN ARE SHOWN IN FiGure 38,
THE ELUATE‘FRACTIONS WERE POOLED IN ‘THE s;x REGIONS INDI-
cAreb AND THE CT iNACTiVATING Acrivnrv ASSESSED AS PREVIOUSLY
DESCRIBED. 2.0 MRC U oF PORCINE CT WERE ADDED TO EACH
SAMPLE TO A FINAL chCENTRATiON ofF 1.0 MRC U/ML, AND THE
BIOLOGICAL ACTIVITY REMAINING AFTER 30 MIN OF INCUBATION AT
37° C DETERMINED. TQE_PERCENTAGE ACTIVITY REMOVED 1S SHOWN

IN THE FIGURE FOR EACH POOL. POOL H CONTAINED THE MAJOR
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INACTIVATOR ACITIVITY AND WAS SELECTED FOR.FURTHER PURIFi—-
CATION. THE ADJACENT'POOLS G AND | ALSO CONTAINED SOME
VINACTIVATOR, BUT 17 SEEMED LIKELY THAT THIS WAS DUE PRI-
MARILY To,quéLAé‘o? THE.CENTRAL PEAK INTO THE ADJACENT
POOLS, |

PooL H CONTAINED 120 ML OF ELUATE AND WAS LYOPHILIZED
TO ORYNESS TO hehove EXCESS WATER AND SALT. THE DRY SAMPLE
WAS REDISSOLVED [NV1O ML OF DISTiLLED WATER AND 5 ML OF THIS
WAS APPLIED TO A COLUMN OF SEPHADEX G=200 AS PREVIOUSLY
DESCRIBED BUT USING 0.05 M ACETIC ACID AS AN ELUANT. THE
ELUATE WAS COLLECTED IN 6.8 ML FRACTIONS AT A RATE OF 20 ML/HR.,
"THE ELUATE FRACTIONS.WERE.DIVIDED INTO FOUR POOLSlAQD THE IR
INACTIVATOR ACTIVITY ASSESSED AS DESCRIBED FOR THE PRsvious
COLUMN.,

As SHOWN IN FiGURE 39 THE COLUMN PROFILE AND INACTIVATQR
ASSAY RESULTS'WERE RATHER UNEXPECTED. THE SAMPLE, WHICH HAD
ORIGINALLY CONTAINED ONLY MATER!AL OF RELATIVELY HIGH
MOLECULAR WEIGHT WAS COMPRISED PRIMARILY OF MATERIAL OF
RELATIVELY LOW MOLECULAR WEIGHT, AND POOL M CONTAINED MOST
OF THE INACTIVATOR. THE TWO POOLS, d ANo Ks WHERE INACTI-
VATOR WAS EXPECTED ACTUALLY CONTAINEd LITTLE PROTEIN AND
ONLY A SMALL FRACTION OF THE INACTIVATOR, SUGGESTING THAT THE
LOW MOLECULAR WEIGHT INACTIVATOR WAS DERIVED EROM THE LARGER
COMPONENT AND PERHAPS REPRESENTED THE ONLY ACTIVE ENZYME
INVOLVED (N INACTIVATION. AN 0BVIOUS ANALOGY FOR THIS TYPE

OF RELATIONSHIP EXISTS IN THE PROTHROMBIN—~THROMBIN SYSTEM

WHERE IT HAS BEEN SHOWN THAT THE ACTIVE ENZYME CAN BE RELEASED



F1GURE 40

SUMMARY OF PURIFICATION PROCEDURE FOR "CALCITONINASE".

\

Coun FracTion 1V=-1 (5c)

EXTRACTED WITH PH 7.4,
0.1 M TRiS HYDROCHLORIDE

Resi1DUE SUPERNATE
(DiscarbED) _ ,

: CONTAMINANTS ABSORBED ON DEAE-
SeEPHADEX IN PH 7.4, O.1M TRIS

Rest1puE
"(Di1scARDED)

FiLTRATE

LYOPHILIZED TO

10 ML VvOLUME
v

FinaL EXTRACT

MOLECULAR SIEVING ON SEPHADEX
G=200 1N O.1M FORMIC ACID

V .
POOLED HIGH MOLECULAR
WEIGHT COMPONENTS

|lON EXCHANGE ON
CM=-SePHADEX, PH 5.0

e
PooL H
LYOPHIL1ZED

50%/\ 50% SAVED

MOLECULAR SIEVING ON SEPHADEX
G~-200 1IN 0.05 M ACETIC ACID

PooL M :
FinaL Proouct (16.5 mc)
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FROM THE PRECURSOR BY INCUBATION IN A 25% (w/v) S0DIUM
CITRATE sorution (111). PERHAPS . A SIMILAR TYPE RéLEASE
OCCURED IN THE CONCENTRATED AMMO&IUM ACETATE SOLUTION WHICH
kesuureo FROM LYOPHleZATION OF ﬁoo; M. ELUCIDATION OF THE
RELATIONSHIPS INVOLVED IN THIS TYPE OF SYSTEM WAS BEYOND THE
SCOPE OF THIS STUDY AND IT WAS LIKELY THAT FURTHER Puanku— |
CATION WOULD PROVE DIFFICULT SINCE A NUMBER OF SPONTANEOUSLY
GENERATED INACTIVE FRAGMENTS COULD BE PRODUCED. |T waAS
DECIDED THEREFORE THAT POOL M REPRESENTED‘EATgRIAL OF
SUFFICIENT PURITY FOR USE IN COMPARATI VE STUDIES. - THE DEGREE
OF PURITY AND SOME cHARACTERisrlcs OF THE ENZYME WERE
EXAMINED éur NO FURTHER PUR?F&CATION WAS ATTEMPTED.

PooL M CONTA‘NED 110 ML A&D LvopH1Lizeo sAMPLEs OF
TH;S POOL YIELDED 0.15 MG o#'PROTEIN PER ML THIS PdOL
THUS CONTAINED 16.5‘MG OF MATERIAL PREPARED FROM THE

EQUIVALENT OF 2.5 6 OF COHN FRACTION V-1,

4. SUMMARY OF PURIFICATION,

FIGURE 40 OUTLINES THE STAGES OF PURIFICATION USED TO
PREPARE THE! MATERIAL IN POOL M WHICH WAS uéso FOR ALL
FURTHER sruﬁles. THE 16.5 MG OF MATERIAL FROM 2.5 6 oF
CoHN FRACTION |V=1 REPRESENTS 150 FOLD REDUCTION IN WEIGHT
OVER THE CoHN FRACTION Oseo AS A STARTING MATERIAL, BUT
SINCE THIS FRACTION REPRESENTS ONLY 6% OF THE TOTAL PLASMA
PROTC!N THE FINAL PRODUCT REPRESENTS A 2500 FoLo REDUCT I ON
IN WEIGHT FROM TOTAL PLASMA PROTEIN. THIS (S NOT NECESSARILY

EQUIVALENT TO THE DEGREE“OF PURIFICAION, BUT T IS THE BEST
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ESTIMATE AVAILABLE SINCE NO QUANTITATIVE MEASUREMENT OF

INACTIVATOR WAS POSSIBLE.

5. TesTs 0F PURITY.

. SAMPLES OF POOL M WERE SUBJECTED TO ELECTROPHORESIS ON
CELLULOSE ACETATE STRIPéhAND ON POLYACRiLAMIDE GELS TO
DETERMINE THE NUMBER OF COMPONENTS PRESENT. ELECTROPHORESIS
ON CELLULOSE ACETATE STRIPS WAS CARRIED OUT USING‘A.GELMAN
#51170 CHAMBER AND SERAPHdRE 11l STRIPS FROM THE GELMAN
INSTRUMENT C0., ANN ARBOR, MICHIGAN. THE BUFFER WAS STAN-
DARD HIGH RESOLUTION BARBITONE BUFFER AT PH 8;6 FROM THE
SAME SOURCE. . SAMPLES CONTAINING 25 MG OF PROTEIN |N'5 ML
WERE APPLIED NEAR THE CATHODE A&o ALLOWED TO MIGRATE FOR
75 MIN AT 360 VoLTS. THE sTRIPS WERE THEN DEVELOPED IN A
SOLUTION CONTAINING O 2% (w/v) PONCEAU S STIAIN IN 5% (w/v)
TCA AND DESTAINED wlTH 3 WASHES IN 5% ACETIC ACID. HumAN
PLASMA SAMPLES WERE RUN SIMULTANEOUSLY,AS CONTROLS.

POLYACRILAMIDE GEL ELCTROPHORESIS WAS CARRIED pdf.As
DESCRIBED IN APPENDIX F. AFfER THE GELS HAD BEEN EQUILI-
BRATED WITH 0.01 M AceTtic acipo A 10 SAMPLE CONTAINING
2 Nc/pL OF POOL M MATERIAL IN 1 M SUCROSE IN O. 002 M ACETIC
ACID WAS APPLIED TO THE TOP OF THE GEL LAND THE APPLICATION
ZONE SHARPENED FOR 25 MIN AN A 52 vOLT FIELD. ELECTRO-
PHORESES WAS THEN CARRIED OUT AT 320 VOLTS FOR 7O MINUTES AND
THE GELS WERE REMOVED FROM THE TUBES FOR STAINING AS !
DESCRIBED ;N THE Appsnoix.

TWO DISTINCT COMPONENTS WERE SEPARATED BY ELECTRO=-



-84~
PHORESIS ON CELLULOSE ACETATE STRIPS. THE MAJOR "BAND
MIGRATED WITH THE & ,=GLOBULINS WHILE THE MINOR BAND HAD

A HIGHER MOBILITY APPROXIMATELY EQUAL TO ALBUMIN. THE
SEPARATION ON THE POLYACRILAMIDE GELS REVEALED 5 MINOR BANDS
OF HIGH MOBILITY AND A MAJOR BAND OF RELATIVELY LOW MOBILITY,
THIS CONFIRMED THAT POOL M CONTAINED A NUMBER OF COMPONENTS
AND THAT (SOLATION OF THE INACTIVATING ENZYME VOQLD REQUIRE
FURTHER PURIFICATION STAGES. THE PURIFICATION ACHIEVED

WAS ADEQUATE, HOWEVER, YO ALLOW ANALYSIS OF SEVERAL CHARACTER-

ISfICS OF THE ENZYME.,

D. SELECTIVE INACTIVATION OF PORCINE CALCITONIN BY
"CALCITONINASE".

INCUBATION OF THE THREE CALCITONINS wiTH Tﬁg pooL M
MATERIAL QAS CARRIED 6u7 IN THé MANNEE SIM?LAR TO THAT
DESCRIBED FOR ASSAYING INACTiVATOR. THE INCUBATION MIXTURES
CONTAINED 75 #G/ML OF POOL M MATERIAL AND APPROXIMATELY
10 p6/mML ofF CT 1N O.1 M TRIS~ACETATE QUFFER AT PH T.4. THE
MATERIALS USED WERE PURE NATIVE SALMON CT AS DESCRIBED IN
CHAPTER |11, SYNTHETIC HuMAN CT fFroM CiBA LTD., BASLE, AND
PorCINE CT (ALO831) rroM ARMOUR PHARMACEUTICAL CO0. KANKAKEE,
iLLINOIS. THE TWO PURE MATERIALS WERE WEIGHED DIRECTLY,

BUT THE WEIGHT OF PORCINE CT was BASED ON A BIOLOGICAL
ACTIVITY OoF 250 U/mMG. ALiQuors OF EACH OF THE THREE MIXTURES
WERE SU&TABLY OILUTED AND BIOASSAYED PRIOR TO INCUBATION.
AFTER INCUBATION AT 370 C FOR ONE HOUR ALIQUOTS Q¢RE

SIMILARLY DILUTED AND BIOASSAYED,

THE PLASMA CALCIUM LEVELS AFTER INJECTION OF PORCINE CT
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WERE 7.96 & 0.04 Mé%iAT,zERo flME AND 9.11 % 0.08 Mc%
AFTER ONE HOUR OF INCUBATION., THIS WAS A SIGNIFICANT
p1FFERENCE (P < 0.0Q]) AND REPRESENTED A LOSS OF 54% OF THE
CT. THE HUMAN AND SALMON CALCITONINS SHOWED NO SIGNIFICANT
LOSS OF BlOLOGICAL'ACTIY!TY AFTER lﬁCUBATION THUS CONFIRMING

THAT THE ENZYME ACTED SELECTIVELY ON PORCINE CT,

E. PEPTIDES FROM CALCITONINS DIGESTED WITH "CaLCITONINASE."

;e e

1;Q”METQ66QI
A. DiGesTION wiTH ENZYME.
Two PROCEDURES wERé USEDIFOR DIGESTYTIONS, THE FIRST WAS
A MODIFICATION OF THE iNACTIVATION ASSAY PROCEDURE, AND
.CONSISTED OF DISSOLVING THE CT SUBSTRATE IN THE PooL M
.so0LUTION (0.15 MG PROTEIN PER ML IN 0.05 M ACETIC ACID) TO
A CONCENTRATION OF SbﬂC/ML. THE PH OF THE SOLUT!ONYWKS THEN
ADJUSTED To PH 7.5 BY ADDING 0.1 ML OF 2.0 M TRIS BASE
SOLUTION PER 1 ML OF ENZYME SOLUTION, THE RESULTANT TRIS=
 ACETATE BUFFER SOLUTION WAS INCUBATED OVER-NIGHT.(17 HR )
AT 37% C AND ANALYSED FOR PEPTIDES. THIS PROCEDURE WAS USED
FOR DIGESTION OF SYNTHETIC PORCINE CT supleéb BY ClaA,LTo.,
BASLE AND FOR PURE NATIVE SALMON CT.
THE SECOND DIGESTION PROCEDURE WAS A MODIFICATION OF
THAT USED BY MUTT ET AL (78) FOR DIGESTION OF SECRETIN WITH
THROMBIN. IN THIS PROCEDURE 1 MG OF CT WAS DISSOLVED (N
0.5 ML oF 1.0% AQUEOUS AMMONIUM BICARBONATE AND 10 AL.OF AN
ENZYME STOCK SOLUTION ADDED EVERY 2 HOURS. THE STOCK SOLUTION

CONTAINED 2 MG/ML OF POOL M MATERIAL (N 1% AQUEOUS AMMONIUM
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BICARBONATE. AFTER INCUBATION FOR 6 HOURS AT ROOM: TEMPER-
ATURE (21" C) THE SOLUTION WAS LYOPHILIZED AND RED1SSOLVED
IN DISTILLED WATER. THE SOLUTION WAS THEN PLACED IN 'BOILING
WATER FOR 6 MINUTES AND RELYOPHILIZED. THIS PROCEDURE WAS

USED FOR A SECOND DIGESTION OF PURE NATIVE SALMON CT.

Be. chH VoLTaGE ELechopanEsfs.

THE DIGEST PRODUCTS WERE SPOTTED ON 3 CM OF THE ORIGIN
LINE ON éHEETs OF WHATMAN 3 MM éAPER'ANo $uaqscrﬁo T0
ELECTROPHORES!S AT PH 1.9 as oescniaeo ;N CHAPTER |11,
EDGE STRIPS WERE DEVELOPED wITH PAQ AND ACID NINHYDRIN -
REAGENTS. UnoévsLopeb AREAS CON}AINING PEPTIDES WERE-CUT

OUT AND ELUTED AS PREVIOUSLY DESCRIBED.

C. AMINO AcCiD ANALYSIS.
AL1QUOTS OF THE ELUTED PEPTIDES WERE HYDROLYSED AND
AMINO ACID ANALYSES CARRIED OUT IN THE SAME MANNER USED FOR

THE TRYPTIC PEPTIDES IN CHAPTER |11, S

0. END GROUP ANALYSIS.
N-TERMINAL RESIDUES OF THE PEPTIDES WERE DETERMINED BY
DANSYLATION AS DESCRIBED FOR THE TRYPTIC PEPTIDES IN

CHaPTER |11,

2. ResuLTs AND Discussion,

DURING THE INCUBATIONS A CONSIDERABLE PROPORTION OF THE
MATERIAL IN SOLUTION PRECIPITATED OUT. THIS-PRECI?ITATION
BEGAN AS SOON AS THE PH WAS RAISED AND INCREASED DURING

THE INCUBATION PERIOD. SINCE ANY FRAGMENTS PRODUCED WOULD
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PH 1.9 ELECTROPHORETOGRAM OF PEPTIDES FROM
PORCINE CT PRODUCED BY "CALCITONINASE".
OTHER DATA AS INDICATED IN FIGURE 21,

Ficure 41,
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TEND TO BE MORE SOLUBLE THANVTHE WHOLE MOLECULE THE DIGESTS
WERE CENTRIFUGED TO Reﬁove THE PRECIPITATE AND THE SUPER-
NAfes ONLY WERE ANALYSED FOR PEPTIDES; ATTEMP}S TO
REDISSOLVE THE PéEClPITATES.IN DILUTE ACID MET waH ONLY
LIMITED SUCCESS INDICATING THAT THE PRECIPITATION PROCESS
WAS NOT COMPLETELY REVERSIBLE, AND SUGGESTING THAT THE
HORMONES WERE UNDERGOING DISULFIDE INTERCHANGE IN THESE
CONCENfRATED SOLUTIONS RESULTING IN POLYMERIZATION.

THE supéRNATés OF THE PORCINE CT DIGESTS CONTAINED
ANALYSABLE QUAN%ITIES df PEPTIDE FRAGMENTS, INdlCATING THAT
THE INACT‘VATING.ENZYME.IN POOL M WAS IN FACT A PEPTIDASE.
FIGURE 41 SHOWS THE PATTERN OF PEPTIDES PRODUCEDvBYA
ELECTROPHORESIS OF TQE SUPERNATE AT PH 1.9, FIve weLL
fSOLATED PEPTIDES wéRE DETECTED, suf ONLY.FOUR WERE PRESENT
IN SUFFICIENT QUANTITY FOR FURTHER ANALYSIS. AMINO AC1D
ANALYSIS 6F PEPTIDElP—1‘INDICATED 178 compoélrlow WAs THR,

"SER,y GLU), PR02, GLY MET, PHE, AND ITS N-TERMINAL GROUP

3’ 2
WAS PHENYLALANINE. PEPTIDE. P~2 CONTAINED ASP, THR SER3y

ALA, 5CYS VAL, LEU TYR AND ARG WITH AN N=TERMINAL

2’ 2’

CYSTINE. THE COMPOSITION OF P=3 WAS ASP THR, SERs; GLU,

3’

HIS, ARG AND THE N=-TERMINAL

PRO GLY3, MET, LEU, PHE

2’ 3’
RESIDUE WAS ASPARTIC ACID. PEPTIDE P-4 ALSO HAD AN
N-TERMINAL.ASPAR&IC ACID, BUT CdNTAI&ED_ONLY ASP3s LEU, PHE,
HIS AND ARG, COMPARISON OF THESE CbMPOSlTIONS TO THE
SEQUENCE OF.PORCINE CALCITQNiN.SHOWN'IN FIGURE 29 PERMITS
IDENTIFICATION OF THE PEPTIDES lNVbLVED.‘ P-1, P-2 anD P=3

ARE THE THREE PEPTIDES PRODUCED BY SPLITS AT THE C~TERMINAL
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SIDE OF THE TWO ARGININE RESIDUES IN THE MOLECQLE WITH
P-1 AS THE C-TERMINAL PEPTIDE, P=2 AS THE N=TERMINAL
PEPTIDE AND P-4,As THE SMALLER CENTRAL PEPTIDE. THE FOURTH
PEPTIDE, P¥3, RgsULTED FROM AN INCOMPLETE SPLIT AT THE
SECOND ARGININE AND CONTAINS BOTH THE CENTRAL AND C-TERMINAL
PEPTIDES. | .

THESE REsQLTs INDICATED THAT THE ENZYME IN POOL M HaD
A SPECIFICITY FOR PEPTIDE BONDS ON THE CARBOXYL SIDE OF
ARGININE RESIDUES, 'BUT THAT OTHEé FACTORS WE.RE fNVOLVED IN
THE SPECIFICITY SINCE EVEN AFfER‘17 HOURS OF INCUBATION
AT 370 C A RELATIVELY LARGE AMOUNT OF PEPTIDE P-3 REMAINED.
CLEARLY THE ARG—AéN BOND WAS SPLIT MORE READILY THA& THE
ARc-phg, AND THE SPECIFICITY WAS NOT EQUAL FOR ALL ARGININE
BONDS. '

THE RESULTS OF THE DIGESTIONS QF-SALMON CT PROVIDED
FURTHER EVIDENCE THAT NOT ALL ARGININE BONDS WERE'SUSCEP-
TABLE, SINCE Nd PEPTIDES WERE DETECTED IN THE SOPERNATES OF
EITHER OF THE DIGESTS OF THIS HATER:AL. |F THE ARGININE IN
THE SALMON MOLECULE HAD BEEN éUSCEPTABLE THE C—TERMINAL
PEPTIDE PRODUCED WOULD HAVE BEEN READILY fDENTlFIABLE
SINCE IT WOULD HAVE BEEN tOEN}ICAL WITH ONE OF THE fR?PTic
PEPTIDES PREVIOUSLY ISOLATED. .THE PRESéNCE OF A PROLINE
ON THE N-TERMINAL SIDE OF THE ARGININE IN SALMON CT MAY
HAVE CONTRIBUTED fo THE RESISTANCE OF'THE BOND TO THE
ENZYME, SINCE THIS RESIDUE CAN BLOCK THE ACTION OF PEPTI-
DASES WHEN IT 6ccuns NEAR A NbRMALLY.SUSCEPTABLE sonDp (68).

THE FAILURE OF THE ENZYME TO SPLIT THE SALMON MOLECULE ALSO
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SUGGESTED THA} THE SPECIFICITY WAS ONLY FOR ARGININE AND
NOT ALL BASIC RESIDUES SINCE THE MOLECULE ALSO CONTAINS
TWO LYSINES., TH;; SPECIFICITY wAs.éLEARLY COMPATABLE WITH
THE INACTIVATING CHARACTERISTICS OF THE ENZYME SINCE HUMAN
CT -CONTAINS NO ARGININE AND ONLY PORCINE CT CONTAiNS
"ARGININE RESIDUES éUSCEPTABLE TO ATTACK.,

THisS SPECIFICITY ALSO sucéssrso THE POSSIBILITY THAT
THE'"CALCITONINASE“‘MIGHT BE THROMBIN WHICH 1S KNOWN TO
ATTACK CERT.AIN ‘TYPES OF PEPTIDE BONDS ON THE CARBVOXYL SIDE
OF ARG[NINE.(11, 77,‘78). THIS POSSIBILITY WAS REINFORCED
BY rﬁe BEHAVIOR OF THE ENZYME DURING THE PURIFICATION STAGES
"WHERE AN.Acflve MATERIAL WITH MOLECULAR WEIGHT AROUND
30,000 WAs_RELEAséo FROM A.MUCH LARGER PRECURSOR MOLECULE.
THE EXPERIMENTS IN THE NEXT SECTION WERE ossgcméo fo TEST

THIS POSSIBILITY.

F. CoMPARISON OF "CALCITONINASE" TO THROMBIN.

SINCE THE NATURAL SUBSTRATE FOR THROMBIN IS FIBRINOGEN
AN EXPERIMENT WAS DESIGNED TO COMPARE THE ACTION OF THROMBIN
AND THE "CALCITONINASE" ON THIS SUBSTRATE. 1TWw0o 1 ML SAMPLES
CONTAINING 2.5 Mé COHN FRACTION 1 WHICH IS 50 To 60%
FIBRINOGEN DISSOLVED IN O.1 M AMMONIUM BICARBONATE WERE
PREPARED AND 40 UL OF THE ENZYME srbcx SOLUTION DESCRIBED
ON PAGE 85 ADDED Tb o&s SAMPLE. AFTER INCUBATION FOR TwO
HOURS AT ROOM TEMPERATURE THERE WAS NO EVIDENCE OF CLOTTING
IN EITHER SAMPLE AND 10 uNITS BF AN IMPURE BOVINE THBOMBiN

PREPARATION FROM UpuoHN Co. KALAMAZOO, MICHIGAN WAS ADDED
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TO THE CONTROL SAMPLE RESULTING IN A RAPID CLOT FOhMATJONl

IN LESS THAN 10 MlN.v AFTER THREE HOURS TOTAL INCUBATION
THERE WAS NO SIGN OF CLOT FORMATION IN THE "CALCITONINASE"
SAMPLE AND 250 yL OF POOL M SOLUTION WAS ADDED. AFTER A
FURTHER TWO HOURS OF lNCUBATIdN THERE WAS STILL NO CLOT

. AND 10 UNITS OF THE BOVINE THROMBIN WAS AQDEDf‘ THIS

CAUSED A RAPID CLOTTING SIMILAR }o THAT SEEN IN.THE.CONTROL.
SUBSEQUENT TESTS OF THE POOL M SOLUTION CONFIRMED THAT IT
ST‘LL RETAINED ITS PORCINE CT INACT}VA*!NG PROPERTIES.

THIS FAILURE OF ACTIVE "CALCITONINASEY TO CAUSE CLOTTING
INDICATED THAT IT CONTAINED NO SIGNIFICANT THROMBIN ACTIVITY.
THE FACT THAT THE FIBRINOGEN SOLUTION WAS STILL CLOTTED BY
THROMBIN AFTER A PRIOR 5 HOUR INCUBATION werﬂTHE ENZYME

. . . \ :
SUGGESTED FURTHER THAT THE "CALCITONINASE" HAD NO PLASMIN
ACTIVITY SINCE PRE=INCUBATION OF FIBRINOGEN WITH PLASMIN
RETARDS OR PREVENTS CLOT FORMATION BY THRoMBIN (11). IT 1s
THEREFORE UNLIKELY THAT THE"CALCITONINASE" IN POOL M CORRES-

PONDED TO EITHER OF THESE ENZYMES.

G. GENERAL DiScussioON.

IN THE INTRODUCTION Td THIS CHAPTER THE RESPONSE# OF
SEVERAL SPECIES OF MAMMALS TO CALCITONINSAFROM_A VARIETY OF
OTHER SPECIES WERE DISCUSSED AND EVIDENCE WAS PRESENTED
THAT THE VAEIATIONS:IN THE RESPONSE TO THESE STRUCTU&ALLY
DiFFERENTICALdITONINS WERE DUE AT LEAST IN PART TO DIFFER-
ENCES IN THE RATE AT WHICH fHEY WERE INACTCVATED. FroM A

PHYSIOLOGICAL STANDPOINT . THESE OBSERVATIONS DO NOT APPEAR
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PARTICULAﬁLY VALQABLE sincé THE ‘POSSIBILITY OF A MAN
SECRETING SALMON CT 1s QUITE REMOTE, BUT THEY MAY BE USEFUL
IN UNDERSTANDING THE ROLE OF INACTIVATIO& IN THE OVERALL
CONTROL SYSTEM. A DETAILéD KNOWLEDGE OF THE ROUTES AND
MECHANISMS_INVOLVED'DN»THE INACTIVATION OF THE HORMONE IS
XLso IMPORTANT, IF CT IS TO BE USED THERAPEUTICALLY IN MAN.
IN STUDIES ON ALPATIENTVWITH PAGET'S DISEASE NEER ET Ahk
(79) pEsScCRIBED THE USE 0F-ovéR 200 MG OF PORCINE CT DURING
AN 11 week cdunsé oF TREATQENT. lﬁ STUDIES ON A PATIENT
WITH A PARATHYROID CARCINOM{}!N THE SAME WORK THE Aqrnons
use 80 mc OF‘PORCINE'CT TO ACHIEVE A 1.5 MG% DROP TN THE
PLASMA CALCIU& LEVEL. ‘AN INFUSTON OF 0.6 MG o? SALMON-Cf
IN THE SAME PATIENT PRODUCED A DROP IN PLASMA CALCIUM OF
NEARLY 2.5 MG%; BecAuss, IN TERMS OF MRC U, THIS DOSE WAS
ONLY 20% 0F THE PORCINE CT USED, saLmon CT PROMISESVTO BE
A MORE EFFICIENT MEANS OF CONTROLL ING BONE RéspRPTjON
THAN PORCINE CT.J o

THE REASONS FOR SUCH VARIATIONS IN THE MAGNITUSE-OF
" RESPONSE T0 THE DIFFERENT CALCITONINS MUST ULTIMATELY
DEPEND ON THE STRUCTURAL DIFFERENCES BETWEEN THE HORMONE
MOLECULEé. THE EXPERlMENTAL WORK [N THIS CHAPTER DESCRIBES
‘AN ENZYME FROM QUMAN,PLASMA WHICH RAPIDLY INACTIVATES
PORCINE CT BY SPLITTING TWO PEPTIDE BONDS WHICH ARE ABSEN*
IN THE SALMON MOLECULE. THIS ;NolCAfEs A STRUCTURAL
DIFFERENCE WHICH CONTROLS THE INACTIVATiON RATE OF THE wa
Honﬁonsé, A~b Pthlqés A MECHANISM WHICH COULD EXPLAIN

WHY SALMON CT HAS A MUCH GREATER POTENCY IN MAN THAN



. “‘w“'f”ﬁ SSHES

T E e

-92-
PdRClNé CT. THE CONCLUSION ONE WOULD LIKE TO DRAW FROM

THIS 1S THAT 6ALC|10N|NS WHICH DO NOT HAVE LABILE ARGININE
BONDS ARE MORE srAaLé AND THEREFORE HAVE A GREATER B0~
LOBICAL ACTIVITY. UNFORTUNATELY THE PROBLEM IS MUCH MORE
COMPLEX THAN THIS FOR HUMAN CT WHICH coNTAnns NO‘ARGININE
HAS A Low£§ BIOLOGICAL ACTIVITY THAN PORC INE CT IN BOTH

THE STANDARD BIOASSAY AND THE AREA RESPONSE ASSAY. THE
siruArlou 1S SIMILAR FOR BOVINE CT WHICH HAS A LYSINE IN

THE POSITION OF THE MOéT LABILE ARGININE BOND IN THE PORCINE
MOLECQLE AND HAS THE SAME ACTIVITY IN THE STANQARd BIOASSAY.
FIGUREA34 SHon fHATWTHE AREA RESPONSE TO LOW DOSES OF
BoviNe CT s ALSO.QLJCHTLY LOWER THA& PORCINE, BUT Tﬁ;
SLOPE OF THE LINE IS GREATER.‘ THUS THIS PLASMA ENZYME
VHICH>SELECTIVELY INACTIVATES PORCINE.CT CAN ONLY BE
CONSIDERED AS AN INDICATION OF THE TYPE OF PHENOMENA WHICH
MAY BE INVOLVED IN DETERMINING THE RELA;IONSHlp‘BETWEéN

THE STRUCTURE‘AND'FUNCTION OF CALCITONINS AND IS Nof A
COMPLETE ANSWER. |

THIS ENZYME DOES NOT ADEQUATELY ACCOUNT FOR INACTIVATION

WITHIN THE. PLASMA MUCH LESS THE OVERALL RELATIONSHIP

‘BETWEEN STRUCTURE AND FUNCTION. A COMPARISON OF THE

INACTIVATION RATES OF SALMON CT AnND HuMAN CT (FiGuREe 35 (A))
NEITHER OF WHICH WERE INACTIVATED BY THIS ENZYME INDICATES
THAT OTHER MODES OF INAcriVArlbn MUST EXIST FOR THE HUMAN
HORMONE. IN THE INTRODUCTION TO THIS CHAPTER A NUMBER OF
ENZYMES WERE MENTIONED WHICH SEEMED LIKELY TO DIFFERENTIATE

BETWEEN THE MAMMALIAN AND SALMON CALCITONINS AND ANY ONE OF
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THESE OR PERHAPS MANY OTHER ENZYMES COULD BE INVOLVED. - THE
ENZYME WHICH WAS STUDIED IN THIS CHAPTER DOES NOT APPEAR TO

BE ANY OF THE ENZYMES SUGGESTED EARLIER., THE SPECIF!CITY SUG=
"GESTS A PLASMIN OR KALLIKREIN TYPE ENZYME, BUT ITS MOLECULAR
S1ZE. AND CHARGE CHARACTERISTICS DO NOT COINCIDE WITH THOSE OF
THE BEST STUDIED EXAMPLES OF THESE ENZYMES (108, 135), HOWEVER,
THE "cALCITONINASE" MAY BELO&G TO ONE OF THESE ENZYME FAMILIES,
IN ANY CASE IT HAS THUS FAR PROVED IMPOSSIBL@ TO RELATE THE
"CALC|TON|NAsé" TO ANY OTHER WELL CHARACGERIZED PLASMA ENZYME.
THE OBSERVATION THAT AT LEAST TwOo OTHER COHN FRAcfloms
CONTAINED POTENT CT INACTIVATING FACTORS SUGGESTS THAT THERE
'MAY BE MANY OTHER "CALCITONINASES" WHICH MAY OR MAY NOT
CORRESPOND TO KNOWN PLASMAVENZYMES.

EVEN A COMPLETE CHARACTERIZATION OF ALL THE PLASMA
"CALCITONINASES" AND EVALUATION OF THEIR RELATIVE EFFECTS .
WILL NOT FULLY EXPLAIN HOW STRUCTURE INFLUENCES THE COURSE
OF THE RESPONSE SINCE THERE ARE MANY orHtR FACTORS
INVOLVED. IF, FOR EXAMPLE, A "surpeR" CT WERE DESIGNED FOR
THERAPY WHICH WAS RESISTANT TO ATTACK BY ALL PLASMA ENZYMES,
IT WOULD STILL BE CLEARED FROM THE PLASMA AND A VARIETY OF
FACTORS wouLD INFLUENCE THE RATE OF CLEARANCE. LOOKING AT
_THE THREE COMPARTMENT MODEL DESCRIBED EARL}ER IT IS EVIDENT
THAT ANY DECREASE IN THE RATE OF INACTIVATION IN THE PLASMA
MUST RESULT IN AN INCREASE IN THE ACTIVE CT MOVING INTO
COMPARTMENT 2 AND IN THE CT ELIMINATED BY RENAL EXCRETION,

THE MAGNITUDE OF THIS INCREASE WOULD BE DEPENDENT ON THE

DEGREE OF BINDING OF THE CT TO PLASMA PROTEINS. | F THE
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BINDING lé VERY STRONG MOST OF THE CT wiLL REMAIN [N
COMPARTMENT 3 WHERE IT IS UNAVAILAéLE Foé EXCRETION AND
CANNOT MOVE INTO COMPARTMENT 2. THUS 'T MIGHT_LAST A
LONG TIME AND BE ESSENTIALLY USELESS SINCE THE RESPONSE
OCCURS ONLY AFTER THE HORMONE REACHES THE TARGET ORGAN 1IN
COMPARTMENT 2. |F ON THE OTHER HAND Bleth IS WEAK, THE
CT wiLL MOVE RAPIDLY INTO COMPARTMENT 2 AND A FAIRLY LAébE
PROPORTION WILL APPEAR IN THE URINE. HOW THIS WOULD EFFECT
THE RESPONSE DEPEﬁDé.ON WHAT HAPPENS IN compAarhENT 2. |F,
‘AS‘IS SUGGESTED IN THE WORK OF DE LUlSE ET AL (36), A.LARGE
PERCENTAGE OF THE CT 1s TAKEN UP BY THE LIVER THE DURATION
OF THE RESPONSE WiLL DéPEND'ON'wHEfHER IT IS INACTIVATED
AAND ON WHETHER THE UPTAKE IS REVERS:BLE. De Luise ET AL
(37) aLso SHowéo THAT CALCITONINS RESISTANT TO PLASMA
INACTIVATION ARE RESISTANT TO lezé INACTIVATION., |F UNDER
.THESE.CONDITIONS THE LIVER"UPTAKE‘VERE REVERSIBLE CT’COULD
sSLOWLY REfURN TO THE.ﬁLASMA AND eé'excasreo OR REACH THé
TARGET.ORGAN AND PROLONG THE Réspouss; |

THE FiINAL FAcrbR INFLUENCING.THE-EFF?CTIVENESS OF THIS
"surper" Cf IS ITS Acrle bN fHE TARGET ORGAN, AND SOME OF
THE STRUCTURAL CHARACTERISTICS WHICH MIGHT EFFECT THIS
ACT{ON WERE DISCUSSED IN THE PRECEEDING CHAFTER.' EVALUATING
- THESE STRUCTURAL CHAéACTERISTICS REéUIRES"ELIMINATIQN OF
INACTIVATION AS AN INFLUENCE.BY USTNG ETTHER MOLECULES
WHICH ARE NOT INACTIVATED OR A SYSTEM WHléHVHAS NO INACTI=

VATORSe. EVEN IN IN VITRO STUDIES ON BONE EXPLANTS (105)

INACTIVATION IS AN IMPORTANT FAC.TOR.S‘l‘NCE‘REPEATED SMALL
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DOSES OF PORC&&E CT WERE MORE EFFECTIVE IN SUPPRESSING
ACTIVE RESORPTION THAN AN EQUIVALENT SINGLE DOSE. FURTHER
MORE STABLE - ULTIMOBRANCHIAL CALCITONINS HAD A ﬁu;H GREATER
AND MORE‘PROLONGED Eérecr; "WHILE THIS INACT]VATION MAY
HAVE kESULTsD’FRdM'fHe;SMALL PERCENTAGE OF SERUM‘USED IN
THEIR INCUBATION hsolum, LYSOZOMAL ENZYMES RELEASED BY
OSTEOCLASTIC CELLS 'WOULD UNDOUBTEDLY BE CAPABLE OF INACTI—
VATING THE MORE LABILE CALCITONINS., THIS TYPE OF INACTI=
VATION, WHICH WAS NOT DISCUSSED EARLIER, MAY BE CRITICAL IN
DETERMINING THé EFFECTIVENESS OF A CT Afféé IT HAS REAcuéo
THE RECEPTOR. THE PRESENCE OF SUCH INACTIVATORS IN THE TAR-
GET ORGANS OF OTHER HORMONES HAS BEEN DESCRIBED (55). v
‘THUS.MAY PROVE EXTREMELY DIFFICULT TO SEPARATE ACTION ON THE
Recsproé FROM INACTIVATION AS FACTORS QchH INFLUENCE THE
‘Porsnév OF A c|vé~ MOLECULE, AND MODIFICATIONS WHICH RESULT
IN A DECRESED STAQILITY éAN BE Expgcfeo TO. CAUSE PROFOUND
CHANGES IN THE POTENCY OF THE MOLECULE WHETHER OR NOT THEY
INFLUEQCE ACTION AT THE RECEPTOR S|fs. FURTHER STUDIES
ON STRUCTQRE-FUNCTION.RELATIONSHIPS MUST TAKE THIS INTO
ACCOUNT AND PERHAPS THE BEST APPROACH TO THE PROBLEM MAY
BE THROUGH THE USE OF MOLECULES WHICH ARE AS STABLE AS

POSSIBLE.
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APPEND | CES

A STATISTICAL METHODS FOR CALCULATION oF Loc DoSE-RESPONSE
- CurveEs BY COMPUTER.

CALCULATION OF REGRESSION LINE FOR A GIVEN BIOASSAY
REQUIRED THE FOLLOWING D;TAS
1. THE DOSE 0F CT GIVEN IN MG,
v2. THéiwencHT OF THE RAT INJchED,
3. THE PLASMA CALbIUM LEVEL MEASURED IN MG % IN THAT RAT
'AFTER'1 HOUR.

IN PRACTICE THE DOSE GIVEN'WAS‘CALCULATED ON THE BASIS OF A
0.3 ML INJECTION ?OR,AN 8O G.RAT AND THE DOSE WAS CORRECTED
;?oa RAT WEIGHT BY ADJUSTING ludecridN VOLUME.“-TBIS AVOIDED
THE PROBLEM OF RECORDING RAT VElGHT, BUT THE PROGRAM WAS
DESIGNED TO COMPENSATE FOR VARIATIONS IN WEIGHT IF A CONSTANT
DOSE WAS USED Foé EACH ANIMAL. EACH SET OF SAMPLE DAATA
MUST ALSO INCLUDE DATA FOR RATS INJECTED WITH VEHICLE ONLY
AS A CONTRbL. FRbM THIS.DATA CALCULATIONS WERE cAaaleo ouTt
AS SHOWN IN THE PRINTOUT sHEETS INCLUDED AT THE END OF THE
"APPENDIX. THE MEAN VEHICLE RESPONSE WAS CALCULATED FIRST
'(VRESAV) AS THE SUM OF THE PLASMA CALCIUMS OF VEHICLE INJECTED
RATS DIVIDED BY THE NUMBER OF VEHICLE RATS (DUM/FNV) 1IN
LINE 18. THE ResPONSE (RESP) wAS THEN CALCULATED AS THE
leFERENCE BETWEEN VRESAV aND THE MEASURED PLASMA CALCIUM
(CA) FOR EACH SAMPLE |qubreo RAT. THE L0G p0SE (NDOSE) was
THEN :CALCULATED AS THE LO0Gyy OF INJECTED DOSE DIVIDED BY THE
RAT WEIGHT (RDOSE/WEIGHT). THIS DATA WAS THEN PLACED IN THE

~107-
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EXECUTION ARRAY AND THE TOTALS CALCULATED (TRES ano TND).

THE MEAN_yALue$ (MRESZKND MND)vwens DETERMINED BY DIVISION

fBY.THs NuMBER>6F EXPER;MENTAF'SAMPLES INCLUDED_(FNE) AND

WERE PLACED IN THE ARRAY: FroM THESE VALUES IT VAS PosélaLE

TO CALCULATE DEVIATIONS IN DOSES (X) As THE DIFFERENCE

'ééfw;eﬁ THE Loq OF EACQ pose (NDOSE) ano THe Mean (MND) ano

THE péVIATlONs;rN Rgsédnsé (Y) ASITHE'D]FFERENéE BETWEEN

‘THE:RESPONS§ (RESP)"AND THE MEAN (MRES). THESE WERE ALSO

“PLACED‘lN'THE ARRAY(TOQETHER QITH THE:CALCULATEb_SQUARES OF

X ANDFY; THE XSQ'AND YSQ TEth WERE THEN SUMMED AND

DISPLAYED ést&w TﬂE C6LUMNS-]N THE ARRAY. SIMILAR PROdEDURESV

wshE THEN CARRIEOVOUT‘?dR THE PRoODUCT XY, | ”
THE‘VALUES 0BTA1NéD fO'THiS POINT ALLOwED CALCULATION

. OF DATA NECESSARY "FOR DETERMINATION OF THE POINT ESTIMATES

OF THE PARAMETERS OF THE REGRESSION POPULATIONS AND oF

THEIR INTERVAL ESTIMATES sy THE METHODS DESCRIBED BY

SNEDECOR (115). THE SAMPLE REGRESSiION COEFFICIENT (B) OF

Y oN X FOR THE EQUATION Y = BX |s EQUAL TO THE SUM OF . THE

XY TERMS DIVIDED BY'THE SUM OF fHE-XSQ TERMS (B = SXY/SUM XSQ)

AS SHOWN IN LINE 49, TQE.ESTIMATED RESPONSES, YC, WERE THEN

THEN CALCULA}EDvIN LINE 57 BY THE ForRMuLA YC = BX + MRES,

WHERE B 1S THE SAMPLE REGRESS]ON:COEFFICENTr X IS THE DEVI=

_ATION bF A GIVEN DOSE FROM THE MEAN DOSE, AND MRES IS MEAN

Rséponst; THE ESTIMATED RESPONSES FOR THE GIVEN DOSES WERE

THON FLACED IN THE ARRAY AND USED TO PLOT BOTH THE COMPUTER

‘GRAPH AND THE‘ﬁchRes IN THE TEXT.

MOST OF THE REMAINING CALCULATIONS IN THE PROGRAM WERE
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AIMED AT A CALCULATION OF nTn fo TEST THE H?Porussas THAT THE
ﬁEGRESSibN“COEFFICENT FOR THE POPULATION IS ZERO. THIS WwAS
hEALLy OF LITTLE VAL UE snucé-lf-deLo IMPLY THAT THERE WAS
NO RESPONSE OR THAT ALL REsPoNssé WERE éou1VALé~T, AND IT IS
UNLIKELY THAT SUCH>DAfA~WOULD'EVER BE TESTED. |TIIS ALéo
POSSIBLE‘TO USE fHE TEST fO-COMPARE THE SAMPLE éOPULArloN
REGRESSION COEFFICIENT TO ANOTHER REGRESSION COEFFICIENT
(e.6. THAT OF THE STANDA?D*&QRVE),VBUT THIS WAS QOT oong
SINCE THE VARIATIONS IN THE SOURCES OF MATEﬁlAL BEING
TESTED MAbE SUCH COMPARISONS OF_LITTLE VALUE. THESE CAycu;'
"LATIONS ALSO SUPPLIED PART OF THE DATA USED TOIDETERMINE
CONFIDENCE LIMITS OF e§¥}MArso RESPONSES WHICH WERE THEN
USED TO CALcuLATE THE A¢f|v4TY RANGES IN TasLe 1, SiINCE
(B-g)/SB FOLLOWS THE T—DISTRIBUTION WHEN B 1S THE POPULATION
REGRESS | ON canFi¢1sNT AND SB LS THE-STANDARDVDEVIATION‘OF
THE SAMPLE‘REGRESSION coer#uc}ENr, IN THE NULL HYPOTHESIS
WHERE.B{IS ZeErRO T 1Is EQuAL To B/SB. SB IS.fHE-SQUARE Rodf
OF VARIANCE OF THE sAMPLE REéRESSIdN COEFFlc;ENT wHicn-:s
EQUAL TO SYXSQ/SUMXSQ. SUMXSQ IS IN THE ARRAY AND SYXSQ 1s
THE MEAN SQUARE DEVIATION FROM REGRESSION AND IS EQUAL TO THE
SUM OF THE SQUARES OF THE DEVIATIONS FROM THE REGRESSION
(RESP ~ YC) oR SDYXSQ DIVIDED BY THE DEGREES OF FREEDOM
(SDYXSQ/(N-2)). THE DEGREES OF FREEDOM ARE EQUAL TO THE
NUMBER OF SAMPLES N MINUS 2 SINCE rﬁo AVERAGES WERE sto IN
~CALCULATING THE DEVIATIdNSQA THE VALUE 0F SDYXSQ MAY BE

CALCULATED FROM THE AVAILABLE DATA BY THE FORMULA

SDYXSQ = SUMYSQ - SXYSQ/SUMXSQ wHERE SXYSQ 1s EQuAL TO



Ficure 42. COMPUTER PRINT OUT AND PLOT FROM LINEAR REGRESSION PROGRAM (NEXT 4 PAGES). "
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CASS1 MAIN PROGRAMME

PROGRAMME TC CGMPUTE THE LINEAR REGRESSION OF LOCCCSF/RFSPONSE
PROGRAMMER PETER GRAYSTANE PHYSIOLGGY DEPT. UBC FEBRUARY 1968
MCOIFIED BY RCN COCR JANUARY 1570

Yo

(22X XsNs]laNaNeNal

REFERENCE CHAPTER 6&,SNEDECOR,STATISTICAL METHCDS,ICWA STATE COL PRESS
NV IS ANUMBER OF VEFICLE SAMPLES, NT IS NUMBER OF TGTAL SAMPLES ‘INC NV

COLS 76,8C CF RUN IDENTIFIER CARD SFTS THE * AXIS CRIGIN

A

occl1. CALL PLCTS
0002 RE AL NNOSE,MNC,MRES
0003 INTEGER DATE, STD
cocs4 DINENSTCN PDOSE (100} s WEIGHT(100},CA{100), TITLE(15)4NDOSE(10C)
0005 DIMENSION X(lOO’vY(lOO)1XSQ(100"YSQ(100)'XY(IOO"DVX(IOO)'DYXSQ(1
CO0C)y YC(100),RESP(100)+sDEVI100),DEVSCLL100)
000Cs 1 READIS,10) DATE NV, NT,TITLE, $STD
ocov 10 FORMAT(LX 161X o134 1Xe1301Xy15A4,2X012}
ccos IF(DATE.LT.0IGC TC 999
gccs WRITE(6410)DATE(NV,NT,TITLE
0010 READ(S,20) (RDGSE(] ) WEIGHT(1),CACL),1=14NT)
0011 20 FORMATUIX FBe391%XyFB8.s391XF6.2)
0012 IF(NV.EQ.01GO TO 25
0013 FNV=NV
0Cl4 NUr=0.
0015 00 30 I=1:NV .
0016 DUM=0UM+CA(])
cct? 30 CONTINUE
6C18 VP ESAV=DUM/FNV
0019 GG Y0 35
gc2¢ 25 VRESAV=0.
0c21 35 NVP=NV+1 b
0022 TPES=0.
0023 TNN=0.
0C24 NO 40 E=NVP,NT
0025 NCCSE(I1=ALOGIO{ROOSE(T)/HEIGHT(1)%100C.)
0026 RESP(1)=VRESAV-CA(I}
C THE ARRAYS NDNSE AND RESP NOW CONTAIN THE LOG DOSE AND RESPUNSE DATA
0cz27 TND=TND+NOQSE(]}
ocz2e TRES=TRES+RESP(I]}
0029 40 CONTINUE
003C FAE=NT=NV
0031 MNO=TND/FNE
0032 MRES=TRES/FNE
C MND CONTAINS MEAN CF LOGOGSE AND MRES CCNTAINS MEAN OF RESPONSE
0033 SUMXS0=0.
0034 SUrYSE=0.
0035 SUMXY=0.
0036 DO SO I=NVPyNT
CC37 X(I1)=NDQOSE(1)=-¥ND = T
0038 XSQUIy=xtt)*xtn
0039 Y{I1)=RESP(I)-MRES
0040 SUNMXSQ=SUMXSC+XxSQtT)
004l XY{D) =x(lr2y(l)
0042 YSCUI)=Yi1)%Y{(])
0043 SUMYSQ=SUMYSQ+YSQI(I)
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0044 SUMXY=SLMXY+XY( 1)
0c45 SXYSQ=SUMXY%SUMXY
C SOYXSQ IS SUM.OF RESP(I)-YC(1}
\ 0046 SDYXSQ=SUMYSQ=-1 $XYSQ/SUMXSQ) .
( 0047 RMSQ=SQRTISUMXSQ) 3
0c4as8 50 CONTINUE
C SAMPLE REGRESSION CGEFFICIENT OF Y ON X IS 8 (Y=BX) o
0049 B=SUMXY/SUMXSQ
cCse DCF=FNE-2.
C_MEAN SCUARE DEVIATICN FROM REGRESSION IS SYXSQ
0051 SYXSG=50YXSQ/COF
C SAMPLE STANCARD CEVIATICN.FROM REGRESSIUN 1S SYX
0052 SYX=SQRT{SYXSQ) B
C SAMPLE STANDARD DEVIATION OF THE REGRESSION COEFFICIENT IS $B
0053 SR=SYX/RMSQ
0C54 T1=B/58
0055 SLAM=SQRT{SUMXY/FNE)/B
0056 DO 7C I1=NVP,NT
0057 YC{I)=B%X{ [)+MRES B
0058 70 CORTINUE
C YC CONTAINS ESTIMATED RESPONSES
0cs9 WRITF(6,100) . :
©C6C " 100  FORPMAT{//3X,109H RAWDQSE WEIGHT  CA ROG LOGDGSE RESP
C LD.DVN RES OVN LD sQ " RES SQ LD*RES EST RESP)
0061 WRITE(6,L10) (RCOSE(T) yWEIGHTCI},CALT) ¢NDOSECT) yRESPUT) o XCE),Y (DoKX |
CSQI)eYSQUII 4 XY (L} oYC 1) I=NVP,NT)
0062 110 FORMAT(1IX,11F10.4)
0063 WRITE(6,120)
0C64 120 FORMAT(1X,3HSUM)
0065 WRITE(6,130) TND, TRES, SUMXSQs SUMYSQ, SUMXY
0066 130 FGRMAT(31X,2F10.442CX43F10.4/)
0067 WRITE(6,140)
0068 140  FORMAT(1X,4HMEAN)
0069 WRITE(6,150) MND 4 MRES
0070 150 FGRMAT(21X,2F1C.4//7)
0071 WRITE(6,160)8 _ ]
0072 160  FCRMAT(1X,S5HSAMPLE REGRESSION COEFFICIENT OF RESPONSE ON LOGDOSE
CISyFl0.477) \
0C73 WPLTE(6,17015YXSQ
0074 170 FORMAT(1X,4OMMEAN SQUARE DEVIATION FRCM REGRESSION [S, F10.4//)
0C75 NR[TE(b.IGOlSYX
ocie 180 FORMAT(1X,44HSAMPLE STANDARD DEVIATION FROM REGRESSION I5,F10.4//) -
0077 WRITE{64190) 58
on7e 190  FCRMAT(1X,5BHSAMPLE STANDARD DEVIATION CF THE REGRESSICN coessxcxe
CNT 1S,F10.4//)
0C75 WPITE(6,2C0)T,DCF
0080 200  FORMAT(1XyI3HsTyTFSTy T 1S,F10.4y13H DOF (N-2) IS,F10.4/7)
0081 WRITE(6,220) SLAM
0082 220  FORMAT{1X,10H LAMBDA I1S,FB8.4//)
0083 CALL REGPL{NDCSE+RESPyNVP NT,TITLE+CATE,YC, B'STD.T,SLAFD
0084 WRITE(6,455)
0085 55 FORMAT(1H1) .
0css GO TO 1
0087 999  CONTINUE
0088 CALL PLOTND =
\. _/
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EXECLTICN TERMINATED"
\ SRUN —LOACH+*NFL+#RPLOT 9=-P .
( EXECUTICN BEGINS )
171167 6 28 PORC RAT  4hK KUMAR
RAWCOSE WEIGHT  CA RDG LOGEOSE RESP LD DVN RES DVN LD SQ RES SQ LD*RES EST RESP
0.0060" _ 80.0000 8.4000 "-1.1249 1.8333  -0,2133 0.0523 0.0455 U.0027 -0.0112 1.2116
0.C0€60 80,0000 8.3500 -1.1249 1.8833 -0.2133 0.1073 U.T455 0.CIos — -C.0218 71716
0.C06C°  80.C000 9.4000 ~1.1249 0.8333  -0.2133  -C.9477 0.0455 0.8982 0.2022 1.2116
0.C060-  B0.0000 9.2000 - -1.1249 1.0333  -0.2133 =C,7477 _ 0.0455 _ 0.5591 0.1595  1.2116 o
0.CC&0. 80,0000 9.6000 -1.1249 0.6333  -0.2133  -1,1477 0.0455 1.3173 0.2449 7, 1.2116 ’ -
0.0060 . 80.0000 9.5000 - -1.1249 0.7333 =0.2133 =-1,0477 0.0455 1.0977 0.2235 1.2116
0.CCE0  80.0000 8.5000  -1.00C0 1.7333  =0.CAA4  =0.0477 0.0078;  0.C023 -~ 0.CC42. 1.5451
G.CCRO- 80.00C0 8.5000 -1.0000 T.7333  -0.0A8%4 ~ =0.04717 0.0078 . 0.0023 0.0047 15451
0.0080- 80.0000 8.3000 ~1.0000 1.9333  -0.C884 0.1523 0.0078%  0.0232 -0.0135 1.5451
C.C080- 80.0000 8.6000 —1.0000 _ 1.6333  -0.CBA4 _ =-0.1477 __ 0.0078)  0.G2i8  0.0131 __ 1.5451 - -
0.0120- 80.0000  9.0000 —0.8239 1.2333 0.C877  =0.5477 0.0077 0.3000 =0.0480 2,015y T T T
0.C12C- 80.0000 9.0000 -0.8239 1.2333 C.CBTT  ~0.5477 0.€077 C.3000 =-0.0480  2.0151
0.C120-  80.0000 8.3000 -0.8239 1.9333 0.0877 0.1523 0.0077 0.0232 0.0134 2.0151
0.0120. B0.0000 8.3000 -0.8239 1.9333 C.CBIT 0.1523 0. 0077 0.0232 G.013% Zo0TST
0.0120- 80.0000 7.9000 - -0.8239 2.3333 0.0877 0.5523 ° - 0.0077 0.3050 0.0486 2.0151
0.0120- 80.0000 7.9000 ~-0.B239 243333 0.0877 _ 0.5523 __  0.0077 . 0.3050 040484 _ 2.C15y -
0.0150. 80,0000 7.3000 -0.7270 2.9333 0.1846 1.1523 0.C341 1.3277 0.2127 2.2738
0.0150. 80.0000 8.20C0 -0.7270 2.03233 0.1846 0.2523 0.0341 0.6636 0.0466 2.273n
0.0150-  R0.00CO 8.2000 " ~-C.7270 2.0333 0.1846 0.2523 0.0341 0.0630 0.0466 2.2738
0.C150. 80,0000 8.0000 -0.7270 Z.7313 0.1846 0.4523 0.0341  0.2046 C.0835 2.2738
0.0150- 80.0000 7.8000 =-0.7270 2.4333 0.1846 0.6523 . 0.0341 0.4255 0.1204 2.2738
0.0150 . 80.0000 7.7000 -0.7270 2.5333 0.1846 - 0.7523 _~ 0.0341  0.5659  0.1389 _ 2.2738
. SUM . . L T T e -
-20.0550 39.1831 0.5549 - T.8424 1.4813
MEAN ) -
-0.9116 1.7811
SAMPLE REGRESSION COEFFICIENT OF RESPONSE GN LOGDOSE IS 246692
MEAN SCUARE CEVIATION FROM REGRESSION IS 0.1944 ; “
SAFPLE STANDARD DEVIATICN FROM REGRESSION IS 0.4409
SAVMPLE STANDARD DEVIATION OF THE REGRESSION COEFFICIENT IS 0.5919 . -
+ToTESTy T IS 4.5055 DOF (N-2) 1S  2C.0000 n
LAMBOA IS 0.0972 .
\ ‘J
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" SUMXY SQUARED AS SHOWN IN‘L!NQ 45, T MAY THEN BE CALCULATED
'AS INDICATED PREVIOUSLY.

SYXSQ as CALCOLATED ABOVE 1S THE SQUARE oF SYX (Line 52)
THE SAMPLE STANDARD DEVIATION FROM REGRESSIO&; THE VALUES
FOR.SYX% N ANDvSUMXSQ WERE USED TO CALCULATE THE.STANOARD
ERROR FOR‘THE ESTIMATED Y OF A seLscrso X As éHowN IN THE
TEXT JN'CHAbTER-], FURTHER CALcULAflous AS SHOWN ALLOWED
DEféRMINATIONvOF cdnrlos&cz LIMITS AND RANGES AS.fNDICATED

IN THAT CHAPTER.

B. SimpLE DESIGN FOR A LARGE INEXPENSIVE:SEPHADEX COLUMN.

| SEPHADEX CHROMATOGRAPHY 1S A VALUABLE TECHNIQUE FOR

‘ o | _

PROTEIN Punirncgrlow, BUT 1T HAS CERTAIN LIMITATIONS WHEN
USED ON A PREPARATIVE SCALE, RAlecULARLY IF A HIGH DEGREE
oF SEPARAfION OF COMPON;NTSlls REQUIRED.. UNDER SUCH
CONDITIONS THE iONEAOF SAHELE APPL]CAT]ON SHOULD BE ONLY
1 10 2% OF COLQMN LENGTH., FOR'EXAMPLE, A 2.5 X 1QO CM ‘
COLUMN HAS A.CROSS—SECT(QNAL AREA OF ABOUT 5 CM, ALLOWING A
MAX I MUM SAMPLE VOLUME OF ABOUT 10 ML, ‘THE'KMOUNT OF PROTEIN
WHICH CAN ae‘pnoccsssovoh SUCH A COLUMN MAY BE LIMITED BY
SOLUBILITY OR, lF‘SOLUBﬁLITY IS HIGH, BY THE HIGH VISCOSITY
OF THE SAMPLE WHICH LEAos TO BROAD, SKEWED PEAKS. . ONE
SOLUTION IS TO PROCESS LARGE -SAMPLES BY REPETETIVE CHROMA-
TOGRAPHY, BUT‘JQIADDITION TO MULTIPLYING THs LABOR AND TiME
.REQUIRED THIS MULT;PLlES THE POTENTIAL FOR ACCIDENTS AND

ERRORS ,AND INCREASES LOSSES ON VESSEL WALLS, ETC.

THE.  BEST METHOO FOR HANDLING LARGER SAMPLES IS TO
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INCREASE THE CROSS~SECTIONAL AREA OF THE COLUMN, BUT THIS
cAN BE QUITE EXPENSIVE SINCE 1T REQUIRES MUCH GREATER
QUANTITIES OF GEL ANQ SPECTALLY DESICNED COLUMNS. THE CoST
OF SUCH COLUMNS APPEARS'TO lNCREASEiEXﬁ&NENTIALLY WITH'
DIAMETER,. AND comntﬁanLLY AVAILABLE 10 CM COLUMNS COST
WELL OVER $1QOO. ‘SUCH EXPENSE CAN BE  AVOIDED BY CONSTRUCTING
TQE'REQUlREp'COLUMNQ FROM PAéTs‘AVAILABLE FROM. NON=SCIENTIFIC
‘sounces.v THE_CdLUMN'USED:FOR THE PURIFICATION éF_SALMON CT
IN CHAPTER 111 wAas 10 x 150 ¢cM AND WAS CONSTRUCTED FdR
LESS TAAN $100. ATHEICONSTR6§TION.REQUIREb THE MANUFACTURE OF
ONLY TWO IDENTICAL END PIECES AND PRODUCED SEPARATIONS
EQUIVALENT To‘SMALLéR,coMMERctAL COLUMNS ON SAMPLES AS LARGE
As 150 mL. |

THE BASIC COLUMN WAS A5 FT. SECTION OF 4 IN.BIAMETER
PYREX GLASSﬂPIPE wer‘PREBEADED ENDS ORDEﬁEDOFROM CORNING
GLASS WORK, CORNINC, NeY. THESE PIPE SECTIONS, DESIGNED
FOR.CONSTRUCT?NG‘ACID‘PROOF'dRAINS, CAN BE ORDERED IN»A‘
VVAR|ETY~0?,S|ies AND ARE NORMALLY CONNECTEO‘TOGETHER WITH
TEFLON LINED RUBBER uuchlons'(CORNING PART #4009). Two
END PIECES DESIGNED AS SHOWN IN' FIGURE 43 WERE MACHINED
FROM 1 IN LUQITE'SHEETS BY FIRST CUTTING A ROUGH 5 INe
CIRCLE.AND THEN 6RlLLjNG A CENTER HOLE OF THE DIAMETER
REQUlREb FOR'ELUANf FLOW. THIS HOLE WAS FURTHER ENLARGED
ON ONE SIDE AND THREADEb TO TAKE A STANDARD NYLON PIPE
THREAD. TO HOSE CON&ECTOR.V A section oF 1/8 In PIPE WAS

THEN TIGHTENED INTO PLACE AND USED TO CHUCK THE PLASTIC.

PIECE INTO THE LATHE WHERE IT WAS TURNED TO THE DIMENSIONS
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SHOWN. CIRCULAR PILECES OF NYLON WINDOW SCREEN AND GLASS FIBER
PAPER(GFP-2, APPLIED SCIENTIFIC LABORATORIES), INC., StaTE
COLLEGE, PA.)'WERE THEN CUT TO THE DIMENSIONS SHOWN ANB'PLAcED
ON THE END Plségs. WHEN PLACED IN THE:STANDKRDIJUNCTION

it
FITTINGS THE™TF

STy OF THE FITTING PROVIDED A GOOD SEAL
AGAINST THE GLASS FIBER DISC PREVENTING GEL LEAKAGE AND THE
NYLON SCREEN.ALLOWED ELUANT FLOW FROM THE ENTIRE CROSS-
SECTION TOWARD THE OUTLET HOLE.

WITH THE BOTTOM END PLATE IN PLACE THE COLbMN VAS
MOUNTED ON A LABORATORY STOOL AS SHOWN IN FIGURE 44 QITH A
Dexton (WESTERN_FABQICATORS, BurnaBY, B.C.) FRAME TO SUPPORT
THE UPPER PAéf oF'THé COLUMN. THE COLUMN WAS PLAceg IN A COLD
room at 4° C TO MAINTAIN CONSTANT TEMPERATURE AND PARTIALLY
FILLED WITH ELUANT WHICH WAS FLUSHED BACK AND FORTH THROUGH .
THE OUTLET HOLE TO 'REMOVE AIR BUBBLES FROM BENEATH THE GLASS
FIBER o;sx. SEPHADEX G—BO WAS ADDED TO THE COLUMN IN STAGES
UNTIL THE ENTIRE COLUMN.INCLUDING THE UPPER FITTING WAS PACKED
'w]TH GEL. THg_szcouo END PLATE WITH NYLON SCREEN ANDIGLASS
FIBER DISCS WAS pREssto INTO fﬁe FITTING AND TIGHTENED UNTIL
A GOOD SEAL WAS OBTAINED. THIS PROVIDED A 150 CM COLUMN
ENTIRELY FILLED WITH GEL SO THAT £1THER NORMAL DOWNWARD OR
REVERSE FLOW éOULD BE USED. A THREE WAY VALVE IN THE INPUT
LINE ALLOWED THE SAMPLE TOIFLOW DIRECTLY ONTO THE COLUMN, AS
SHOWN IN FIGURe 12 Vb OF THE COLUMN WAS 4 L AND Vo 14 L.
EYCELLENT SEPARATION WAS ACHIEVED AND THE STABILITY WAS SUCH

THAT THE COLUMN SELDOM REQUIRED REPOURING,
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C. TECHNIQUES FOR HiGH vaTAcg PAPER ELECTROPHORESIS.
1. APPARATUS | L

HIGH VOLTAGE gLECTROPHORES]s WAS CARRIED OUT IN THE
MICHL VERTICAL STRIP APPARATUS (74, T75) MODIFIED AS DESCRIBED
_ BYvRYLE ET AL (110). THE MONOGRAPH BY LEGGETT-BAILEY CONTAINS
A DETAILED DISCUSSION OF THIS TECHNIQUE (68).
| THE APRAﬁkqu‘USED WERE‘CQNSTRUCTED IN ALL=GLASS
'xSHANDONACHROMATANKS (22,5f~. X 9IN. x 22.5 1IN, DEEP).FROM
CONSOL IDATED LABORATORIES'(WESTON, ONTARIO).. THESE WERE
FITTED WITH éLASS RACKS TO SUPPORT THE UPPER GLASS BUFFER
TROUGHS, GLASS RODS TO PREVENT THE PAPER CONTACTING THE WALLS
AﬁO_LUClTE LIDS SQPPORTING THE GLASS COOLING COILS,

.VPLAT!NQM eLtchooEs IN GLASS ELECTRODE HOLDERS WERE
PLACED IN THE UPEER BUFFER TROUGHS (CATHODE) AND SIMILAR
ELECTRODES PLACED 'TWO CENTIMETFRS FROM Tné BOTTOM OF THE
TANKS WHICH CONTAINED‘BUFFERL}O A bEPTH OF APPOXIMATELY FOUR
CENTIMETERS. iBorn_ﬁLacrnobsé WERE ATTACHED TO. CONNECTORS

MOUNTED'EXTERNALLY oN-THE CHROMOTANKS. A CANADIAN RESEARCH
~InsTiTuTE (DoON MtLLs; ONTARIO) MoDEL EPSK=200 D.C. POWER
SﬁPﬁLY‘wAS USED TO MAINTAIN CONSTANT VOLTAGES UP TO 5 Kv AT

200 mA. o,

THE ENTIRE SYSTEM WAS PLACED IN A FUME HOOD TO REMOVE
fox]c VAPORS. THE HOOD WAs'EourPso WiTH LUCITE DOORS
CONNECTED TO AN INTERLOCK SAFéTY SYSTEM ALLOWING THE OPERATOR
"ro VIEW THEVPAPER DURING QPERAflON_WHlLE MINIMIZING THEl
_ELECTRICAL HAZARD.

"THE TWO VOLATILE BUFFER SYSTEMS USED IN THE PRESENT
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STUDY WERE FIRST DESCRIBED BY AMBLER (134). THE BUFFERS AND

COOLANTS USED WERE AS FOLLOWS?S

PH 1.9
BUFFER? 2% rFormiIc acio (v/v)
' 8% acetic acro (v/v)
IN DEIONIZED WATER
CooLANTS - VARSOL
PH 6.5
BUFFER? 879 ML DEIONIZED WATER
' 100 ML PYRIDINE ,
%2 ML GLACIAL ACETIC ACID
" COOLANTS - 92% TOLUENE, 8% PYRIDINE (BY VOLUME)

ALL REAGENTS WERE FISHER CERTIFIED GRADE.. VARSOL WAS

PURCHASED FROM THE IMPERIAL OiIL Co.

2. StANDARDS‘AND MARKERS
| Two AMINOKACID STANDARD ﬁIXTURES WERE PREPAREﬁwcbu-
TAINING. 2 NMOLES PER ML OF EACH OF THE ACIDS LISTED.
| S-1 Lvélﬁz, ARGININE, VALINE, LEUCINE, METHIONINE,
PROL INEy PHENYLALANINE, TYROS!NE,‘CYSTEIC ACID.
842 HisTiDINE, éLyane,.ALANINE, SERINE, ISOLEUCINE,
THREONINE GLUTAMIC ACIDy ASPARTIC ACID, TAURINE.
5 ML OF EACH leTURE WAS ROUTINELY APPLIED TO THE ORIGIN LINE
ON SPOTS OUTSIDE THE SAMFLE AREA. in THE PH 6.5 BUFFER ONLY
THE THREE BASIC AND THREE ACIDIC ACIDS Move AS INDICATED N
-FIGURE'ZT. ]N THE'PH 1.9 BUFFER THE ACIDS ARE FOUND IN THE
ORDER Lisreo Movn~é DOWN. FROM THE CATHODE AS SHOWN IN F1GURE

22, THESE STANDARDS INDICATE WHETHER THE DETECTION REAGENTS
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ARE WORKING AS Exaécrso AND ARE USED [N CALCULATING RELATIVE
- ’ o
"MOBILITIES,.
lN'kaITAON TO THE‘AMlNO Ac;o M1XTURES EACHlELECTRO—

PHORETOGRAM 'S SPOTTED WITH VISIBLE MARKER DYES TO INDICATE:

.fHE CONDITIONS DURING THE RUN AND TO DETERMINE: THE Lsﬁcrn

OF THE RQN.’lFOR hUNs AT PHv6.5 THREE MKRKERS ARE USED?

METHYL GREEN-(C;l. NOo. 42590, FngER CERTlFiED BioLogicaL

STAIN) ORANGE G (C.l. NO. 16230, FiSHER CERleies BlOLbGICAL

STAIN) AND =DINITROPHENYL=LYS INE (CALBIbCHEM, Los ANGELES).
o CURRENT IS &ORMALLYGAPPLIED TO THESE RUNS UNTIL THE METHYL
GREEN HAS RUN TO A“FARK.20>CM FROM THE ORIGIN. THE €=DIN|TRO-
PHENYL=LYSINE IS NEUTRAL AT THIS PH AND MOVES ONLY BY ELEC—
TROENDOSMOSISs AND ITS LOCATION ON THE ELECTRQPHORETOCRAM
IS USED TO INDICATE THE NEUTRAL LINE FOR bALcULAr|0Ns OF
RELATIVE MOBILITY; FOR RUNS AT.PH 1.9 ONLY.METH*L GREEN:"
AND.t-DINITROPHENYL—LYSINE MARKERS ARé useo; A&o THE METHYL
GREEN 1S ALLOWED fo TRAVEL 30 CM FROM THE ORIGIN. THE
TAURINE IN THE AMINO ACID STANDARD IS NgUTRAL AT THIS PH AND

IS USED TO INDICATE THE NEUTRAL L INE.

3. DETECTION REAGENTS.

THE CADMIUM=NINHYDRIN REAGENT 0oF HeiLMAN ET AL (54)
WAS: USED WHEN MAXIMUM SENSITIVITY (1 To 5 NMOLES/CMT) was
REQUIRED OR WHEN INFORMATION ON THE N=~TERMINAL AMINO ACID
WAS NEEDED. THIS REAGENT WAS PREPARED BY MIXING 15 ML OF A
STOCK SOLUTION CONTAINING 5 6 CAOMIUM ACETATE (FISHER

CERTIFIED REAGENT) IN 250 ML OF GLACIAL ACETIC ACID AND
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500 mL nlgrlLLEO WATER VITH 100 ML oF 0.5% (w/v) NINRYDRIN
(PlERce CHEMICAL Co.) IN ACETONE (FISHER REAGENT GRADE ).
PAPERSvWERE.QIPPED IN les SOLUTION AND ALLOWED TO AIR DRY
UNT.IL THE ACETONE WAS Esmoveo._ THE PAPER WAS THEN PLACED IN
AN OVEN AT 60° C For 20 MINUTES FOR COLOR DEVELOPMENT., N
GENERAL PEPTlﬂES.HAVlNG THE N-TERMINAL AMINO ACIDS LISTED
BELOW HAVE BEEN"SHOWNiTO GIVE rﬁé COLORS INDICATED,WITH
THIS hEAGENTO

veLLow (sTaBLE 1 WEEK) . GLY, SER, THR, CYS, PRO, CYSTEIC

RED -
ORANGE _ 'SER, HIS
'sLow RED (OVERNITE) [LE, VAL
“FAST RED ’ . LEU, LYS, ARG, ASP, GLU,
TYR, PHE, MET, Msrsoz,
TRP, ALA

THESE COLOR DIFFERENCES ARE USEFUL IN>PREDICTING THE
PROCEbURES &EEDE6 TQ'fDENTIFY THE DANSYL-DERIVATIVES OF THE
- PEPTIDES. | _

BECAUSE OF ITS HIGH SENSITIVITY FOR ARGININE PEPTIDES
(0.1 nMoLES/cMZ) aND THE EXTRA INFORMATION |T PROVIDED,
THéFPAQ REAGENT ‘WAS hdurnNELY'useo IN COMBINATION WITH A
SPECIAL NINHYbRIN REAGENT FOR PEPTIDE DETECTION. THE
REAGENTS USED WERE DESCRIBED BY YAMADA AND iIANO (133).
‘THe PAQ REAGENT WAS PREPARED BY MIXING EQUAL VOLUMES OF A
SOLUTION CONTAINING O, 02% (w/v) PHENANTHRENQUINONE (FISHER
Sc;sﬁlelc,.Co., HiGHEST PURITY) IN ANHYDROUS ETHANOL AND
' 10% w/v SODIUM HYDROXIDE IN 60% ETHANOL. .THE PAPERS WERE

‘DIPPED IN THIS MIXTURE AND ALLOWED TO AI!R DRY 20 MINUTES
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PRIOR TO EXAMINATION UNDER A LONGWAVE UV LamMP,

AFTER AN ADODITIONAL 20 MINUTES DRYING fHE PAPER COULD
BE 6EVELOPED WITH AN ACID NINHYDRIN RéAGENT MADE BY MIXING
20 ML OF. A SOLurloN CONTAININC 1 6 ofF capMium ACETATE IN
150 ML_OF GLACIAL ACETIC AC1D ANb 50 ML OF DISTILLED WATER
QlTH 80 ML oF 0.5 % (w/v) NINHYDRIN‘IN.ACETONE; AN THIS
»REAGENT ALL béprloes.PRoouceovA VIdLET—RED COLOR ON DRYING

AT 600 C ?QR'ZO Ml&ures.

D. AMINO ACID ANALYSIS

1. HvaoLYS|s.

| "HYDROLYSES WERE CAéRIED OUT ESSENTIALLY AS DESCRIBED

BY MboRE AND STE[N (77). ALJQUOTS OF SOLUTIONS'CONTAINING

2 16 20 NMOLES QF‘PROTEIN WERE LYOPHILIZED IN 12 X 75 MM
PYREX CULTURE TUBES AND REbISSOLVED iN 0.5 ML oF 5.7 M
HYDROCHLORIC ACID. THE TUBES WERE THEN HEATED NEAR fHE Top
‘QlTH.A FINE, HOT GAS—OXYGEN FLAME AND DRAWN OUT TO YIELD A
NARROW (1MM), HEAVY WALLED NECK. THE CONTENTS WERE THEN
'FROZEN>fN AVDRY ICE-~ACETONE MIXTURE TO PREVENT BUBBLING AND
THE TUBES EVACUATED_TO ABOUT 10‘2 TORR BEFORE SEALING THE
Nsck.wffu A MODERATELY HOT GAS~OXYGEN FLAME. HYybDRrROLYSIS ON
THE ééALeb TUBES WAS THEN ROUTINELY ckﬁRlab ouT FORV17 HOURS
"AT 1TOo.C‘1N A TEMP-BLOK-EROMvLAB-Llne'INSTRUMENTS, MELROSE
PARK, ILLiNoys. AFTER HYDROLYSIS THE TUBES WERE OPENED

AND DRIED IN A VACUUM DE$S|CATOR OVER SODIUM HYDROXIDE. THE
HYDROCHLORIC ACID USED WAS-CONSTANT BOILING AZEOTROPE

DISTILLED FROM BAKER AND ADAMSON REAGENT GRADE HYDROCHLORIC
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_ACID FROM ALLIED CHEMICALS CANADA,'LTD..DILUTED WITH
OISTILLED, DEIONIZED WATER. THE TUBESVUSED FOR HYDROLYS!IS
WERE WASHED IN STRONG DETERGENT AND RINSED FoQR TIMES WITH
_HOTffAP WATER FOLLOWED BY FOUR RINSES WITH DISTILLED WATER.
THEY WERE THEN ALLOWED .TO STAND OVERNITE IN 1 M HYDROCHLORIC
zACID,.RINSEDSONCE MORE IN THE SAME ACID -AND DRIED DIRECTLY

" 'FROM THE. ACID RINSE IN A 60° C oVEN.

2. AIR OXIDATION OF CYSTEINE.
DRIED, HYDROLYSED SAMPLES CONTAINING CYSTEINE WERE
DISSOLVED IN 200 pL ofF O.1 M PHOSPHATE BUFFER AT PH 6.5

~ AND ALLOWED TO STAND OPEN TO THE AIR FOR FOUR HOURS TO

INSURE COMPLETE RECOVERY AS T?g"‘fC,YSTINE. THE SAMPLES WERE

THEN ADJUSTED TO PH 2 wiTH 5 L 0F 1 M HYDROCHLORIC ACID

" FOR APPLICATION TO THE ANALYSER COLUMN.

5. AUTOMATED ANALYSIS.

THé FIRST DETAILED REPORT OF AN AUTOMATED SYSTEM FOR
AMINO. ACID ANALYSIS CAME FROM SPACKMAN ET AL IN 1958 (118)
AND ALTHOUGH SEVERAL ALTERNATE SYSTEMS HAVE SINCE BEéN
 REPORTEO THE ORIGINAL PROCEDURE IS STILL THE BASIS OF THE
_MAJORITY OF AMINO ACID ANALYSES PERFORMED., THERE ARE NOW
A NUMBER OF CbMMERéIALlINSTRUMgNTS ON THE MARKET WHICH USE
- THIS BASIC Péoceoune, AND THESE INSTRUMENTS VARY PRIMARILY
IN THE DESIGN AND VARIETY OF ANCILLARY EQUIPMENT AVAILABLE.
._THESR'COMMON FEATURES INCLUDE SEPARATION OF.AMjNO ACIDS BY
FELUTlON FROM SULFONATED POLYSTYRENE RESINS, SIMILAR TO

Dowex 50 x 8, BY A SERIES OF CITRATE BUFFERS FOLLOWED BY

s
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DETECTION AND QUANTITATION éASED ON THE REACTION OF THE
ELUfED'AMlNO ACIDS WITH A NINHYDRIN‘REAGENTf THE AMOUNT OF
COLORED REACTION PRODUCT IS MEASURED BY A ?HOTOMETER AND
RECORDED. THESE PROCEDURES ARE CARRIED oUT "oN LINE" IN A
'CONTINUOUSLY FLOWING SYSTEM WHICH REQUIRES A BQFFER PUMP TO
MOVE THE ELUANT THROUGH THE COLUMN AND A NINHYDRIN PUMP TO
MIX-A CONSTANT PROPORTION OF THIS REAGENT WITH THE ELUATE.
THIS MIXTURE 1S THEN PAssEo THROUGH A COIL OF NARROW BORE
- TEFLON TUBINC IN.K’BODLING wAréR BATH TO ACCELERATE THE
"REACTION AND THENCE‘fO.AVSER[ES OF FLOW CELLS IN THE PHOTO-
,METERVWHQRE THE ABSORBANCE AT 570 NM 1S RECORDED FOR THE
AMINO ACIDS AND AT 440 NM FOR THE IMINO AC1DS.

THE ORDER AND»DEGREE OF SEPARATION OF THE AMINO ACIDS
IN»THE'ELDATE_CAN BE VARIED BY CHANGES IN THE TEMPERATURE
OF THE COLUMNS ANb THE PH AND IONIC STRENGTH OF THE BUFFERS
uéso, MOST COMMERCIAL FACHINES HAVE PROGRAMMED SYSTEMS FOR
SW;TCHING BUFFERS AND TEMPERATURE AND coN}ROLguﬁG NINHYDRIN
FLOW, fHE RECORDER AND THE REGENERATION CYCLE FOR THE COLUMN,
THE FLEXIBILITY OF THESE PROGRAMMING svsréms~|s ONE OF THE
MAJOR VARIABLES fN THE COMMERCIAL INSTRUMENTS. THE SECOND
MAJOR VAéuABLE IS SENSITIVITY., MOST COMMERCIAL INSTRUMENTS
ARE ROUTINELY USED FOR QUANTITATION IN THE RANGE OF 50 10 250
NA&OMOLES OF AMINO ACID, AND ALTHOUGH THEY HAVE REPORTED
DETECTIbN'LIMITS VARYING FROM 1 T0 10 NMOLES THESE LIMITS
ARE OF LITTLE SIGNIFICANCE SINCE Af THESE LEVELS IT 1S
POSSIBLE ONLY TO oerecf THE AMiNo ACIDS NOT TO QUANTITATE

THEM. A THIRD VARIABLE WHICH HAS PROVED QUITE CRITICAL IS
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.RELIABILITY SINCE INCREASED SENSITIVITY IS OF LITTLE USE IF
THE SYSTEM REQUIRES FIVE SAMPLES TO ACHIEVE ONE GOOD ANALYSIS.

THE WORK DESCRIBED IN THIS THESIS AND OTHéR WORK UNDER-
WAY IN THIS LABORATORY REQUIRED A HIGHLY SENSITIVE PROCEDURE
FOR AMINO ACID ANALYSIS SINCE THE PRaTEINS UNDER STUDY
WERE AVAILABLE‘IN ONLY QUITE LIMITED QUANTITIES. . AMINO
ACID ANALYSIS IS THE HEART o? ALL PROTEIN STUDIES AND IF
THE ANALYsés ARE CARRIED OUT AT THE LEVELS REdUlRED.BY THE
COMMERCIALLY AVAILABLE EQUIPMENT IT IS THE LIMITING FACTOR
IN DETERMINING-THE,6UANTIT|ES OFVPRbTéIN WHICH MUST BE |
AVAILABLE FOR STUDY. -THE ADVANCES IN OTHER.AREAS OF
PROTEIN‘CHEM[STRYAHAVE FAR OUTSTRIPED THOSE iN AMINO ACID
ANALYSIS. As AN EXAMPLE‘OF.TH[élTHE PRESENT USE OF THE
DANSYL;EDMAN'MQTHOD (52) ALLOWS SEQUENCE DETERMINATION ON
Péprloes UéING‘LESS THAN HALF THE MATERIAL NECESSAR* FOR A
SINGLE ANALYSIS AT THE 50 NMOLE LEVEL. CLEARLY ROUTINE
QUANTITATION ATYOR BELOW THE 1 NMOLE LEVEL WAS ESSENTIAL
TO BRING THIS PROCEDURE IN LINE WITH THE OTHER L AVAILABLE
TECHNIQUES. -

To Ale;ve rnls;moot?iCAruows WERE CARRIED OUT ON A
NEWLY DEVELdPED EomnsncuAL MACHINE, THE Bi1ocHROM 200, WHICH
HAD. "THE HIGHEST AVAILABLE SENSITIVITY AND THE DESIRED
FLEXIBILITY IN PROGRAMMING. THE‘BASESVOF THIS HIGH
SENSITIVITY WERE LONGlPATHLENGTH FLow CeLLS (14 Mm VERSUS
THE MORE COMMON 7 M@'AND A HIGH DEGREE OF AMPLIFICATION IN"

THE RECORDER CIRCUIT (5.5MV FULL SCALE DEFLECTION). EARLY

EXPERIMENTS AT LOW LEVELS INDICATED THAT THIS SYSTEM WAS
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INADEQUATE SINCE THE SENSITIVITY WAS srlLL NOT GREAT ENOUGH
AND ' THE SIGNAL TO NO I SE RATIO OF THE svsrsﬁ wAs POOR.
RELATIVELY SMALL PEAKS~WERE NEARLY HIDDEN IN THE RANDOM
FLUCTUATIONS IN THE BASE LINE. A MAJOR PART OF THIS PROBLEM
WAS THE 'INHERENT NOISE .IN THE PHOTOMULTIPLIER TUBES USED 1IN
THE PHOTOMETER WHICH WAS GREATLY. AMPLIFIED BY THE RECORDER.
To OVERCOME TH[S‘PROBLEM A DETECTION CIRCUIT WAS DESIGNED
BASED ON A NEWLY osvﬁprso PHOTbTRANSlsron'(FPT.100, FAIR=-
CHILD SeuuéoNbucroa, MOUNTAIN V|éw, CALIFORNIA) wH(CH,wAs
‘usso AS ONE>SIDEVOF A WH;ATSIONE Ealocs clncuiT. VARIATION
OF THE RESISTANCE oﬁ THE OPPOSITE SIDE OF THE BRIDGE ALLOWED
AqauerENT OF THE ourpﬁr_ro SET THE gAéELlNE,fﬁnlLe DRAINING
PART OF THIS OUTPUT OFF TO GROUND-THROUGH A SECOND-VARIABLE
"RESISTANCE ALLowao CONTROL OF THE GA;N IN THE CIRCUIT,
'D.C. CURRENT WAS SUPPLIED BY MERCURY CELLS WHICH HAve AN
éXTREMELY STABLE ouréur. THEe ﬁonse LEVEL 1IN THESE.CIRCOIfs
'WAS UNDETECTABLE ON THE RECORDER AND THE HIGH GAIN THEY '
PROVIDED ALLOWED REDUCT{ON oF THE GAIN (55MV FULL SCALE)
IN THE NOISIER RECORDER AMPL]F:ER. THREE SEPARATE CIRCUITS
.WéRé USED TO MEASURE THE ABSORBANCE AT 570 NM wiTH A 14 MM
FLOW CELL, AT 570 NM WITH A 7 MM FLow CELL AND AT 440 nNM
WITH A 14 MM FLOW CELL. -

THE ANALYSES IN TABLE |V WERE CARRIED OUT USING THIS
.SYSfEM AND ACCEPTABLE QUANTITATION WAS POSSIBLE AT THE
2'703 MMOLE LEVEL. ASVINDICATED IN THE TABLE THE STANDARD
TWO COLUMN SYSTEM wAs USED. THE ACIDIC AND NEUTRAL AMINO

[

"ACIDS WERE SEPARATED ON A 52 x 0.9 €M COLUMN or,BnofRAol
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AMINEX A-6 RESIN AT 52° C USING 0.2 N SODIUM CITRATE BUFFERS
AT PH . 3%3.25 ano PH 4.40 PREPARED IN DISTILLED, DEIONIZED WATER
AS DESCRIBED BELOW. .
PH 3.25 4.40

»SODIUM CITRATE DIHYDRATE

(AMINO ACID ANALYSIS GRADE v - 18.4 ¢ 78.4 ¢
Bi1o~RAp LABORATORIES,
RICHMOND, CALIFORNIA)
- CoNCc. HYDROCHLORIC ACID -

(BAKER~ADAMSON REAGENT, - 49,4 ML 30.0 ML
ALLiep CHeEMIcALS CANADA, LTD.) : '

OCTANOIC-ACID. c
(ACA.A. GrRADE, Bio-RAD.) | - 0.5 ML 0.5 ML

FinaL voLume 4.0 v 4.0 L
THe PH 3.25 BUFFER WAS PUMPED AT A RATE OF 70>ML/HR‘FOR

60 MIN. AND PH 4.40 BUFFER FOR AN aDDITIONAL 100 MIN., FOR
A TOTAL RUN TIME OF 2 HOURS AND 40 MINUTES. REGENERAT‘ON
‘WITH 0.2 M SODIUM HYDROXIDE AND RE—EQUILIBRATION'REQUIRED
AN ADDITIONAL 70 MINUTES. BASIC AMINO ACIDS WERE SEPARATED
on A 14 x 0.9 cM COLUMN o? B1o-Rao AMINEx_A—S RESINHAT

520 C using A 0.35 N SODIUM CITRATE BUFFER AT PH 5.28
PREPARED AS DESCRIBED BELOW.

PH 5.28

SODIUM CITRATE DIHYDRATE (A.A.A. GrADE, Bi1o-Rap) 137.2 ¢

Conc. HYDROCHLORIC AC!D‘(B & A REAGENT) _ 26 ML
Octanoic acto (A.A.A. GRADE, Bio-Rap) ' 0.5 ML
FinaL voLume = ' : ’ 4.0 L

ELUTION OF THESE ACIDS AT 70 ML/HR REQUIRED 7O MIN AND A
TOTAL CYCLE TIME OF 110 MIN.
NiNHYDRIN REAGENT PREPARED AS INDICATED BELOW WAS

PUMPED AT A RATE OF 35 ML/HR AND MIXED WITH THE ELUATES FOR
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DETECTION.

NINHYDRIN REAGENT?

MeTHYL CeELLOSOLVE ' 3L
(SequanaL GrRADE, PIERCE CHEMICAL Co.,
ROCKROR'““hLLINOIS)

4 M SopIum ACETATE:(FISHER CERTIFIED) 14
NiNHYDRIN (REAGENT GRADE, Prerce Cuem.) 80 @

"STANNOUS CHLORIDE DIHYDRATE .

OxYGEN WAS REMOVED BY BUBBLING THE MIXTURE WITH

'N1TROGEN (L GRADE, CaNADIAN LiQuip AR LTD.) FOR 30 MIN

AND THE REAGENT WAS STORgD-UNDER NITROGEN. UNDER +HESE
'CONDITIONS A COMPLETé.ANALXSIS'REQUIRED AvMiNIMUM OF 5
NMbLEs oF PROTEIN AND A TOTAL OF ALMbST 6 HOUR. THus W|rﬁ
CAREFUL PLANNI&G'AND FULL USE OF AUTOMAfeb PROCEDURES TWO
ANALYSES COULD BE CAénlto'our IN A N§RMAL WORK ING DAY.
ALTHOUGH THIS SYSTEM WAS A_MARKED_IMPROV;MENT OVER THE
ORIGINAL THE MATéRtAL REQUIREMENT§ WERE. STILL TOO HIGH,
_AND THE NOISE LEVEL IN THE BASELINE WAs uNsArlsrAcrbRY WHEN
:MA*lMUM GAIN WAS USED, PARTICULARLY ON THE 440 CHANNEL
SINCE AesﬁéaANcE OF THE IMINO Acio-PRooucr IS LESS THAN THAT
OF THE AMINO ACIDS. THE "PHOTOTRANSISTOR CIRCUIT HAb phovéo
TO BE MUCH QUIETER THAN THE REST OF THE SYSTEMIANDIir‘wAé
THEREFORE oscqoso TO INCREASE THE GAIN IN THIS cnncuvi BY
REDESIGN AS suowN IN FIGURE 45 AND TO CUT DOWN THE NOISE
WHICH WAS NOW KNOWN TO COME PRIMARILY FROM THE HYDRAUL IC
'svsreé{ HAM|LTON(51) HAD PRESENTED A DETAILED DISCUSSION OF

THE DIFFICULTIES ENDOUNTERED lN HIGH SENSITIVITY ANALYSIS
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AND EFFORTS WERE MADE TO coanécr’MANY OF THE FAULTS HE HAD
POINTED ouT. THE TWO BASIC CAUSES OF NOISE IN THE BASEL I NE
ARE RHYTHMICAL FLUCTUATIONS DUE TO MINUTE VARIATIONS IN
PUMPING RATES AND RANDbM FLUCTUATIONS DUE 1o PARTICULATE
MATTER AND éuaéLss IN THE FLUIDS. RHYTHMICAL FLUCTUATIONS
. WERE EL:ﬁlNATEo BY CAREFULLY MATCHING THE SPEED OF THE
‘BUFFER AND NINHYDRIN PUMPS, BUT THEVPROBLEM OF PARTICULATE
MATTER QAs MORE COMPLEX. IMPROVED PROCEDURES FOR FILTRATLON
OF BUFFERS AND NINHYDRIN REAGENT HELPED AND 1T WAS POSSIBLE
:v T0 REDUCE THE Tlné IN THE REACTION BATH FROM 15 710 S‘MIN
 WITHOUT EFFECTING copbn.osvsLopuENT (117) sy snoareNuNc THE
'"vwdblL; THIS HAD THE EFFECT OF REDUCING BUBBLE FORMATION
_AND PRECIPITAT]ON, THE SE cHA&cés REDUCED BUT 01D NOT
"ELIMINATE THE PROBLEM éo,THAT MORE BASIC.CHANGES WERE
quufREo. THE EACTOMéTERIWAS_REDéSIGNED ToO MINIMIZE THE
IMPORTANCE OF THE HYDRAULIC FLucTUArno&s BY DECREASING THE
?;LENGTH Oé,THE:Fde CELLS TO 7 MM AND COMPENSATING THIS
REDUCTION ‘BY INCREASED GAIN IN THE QUIET ELECTRONIC SYSTEMS.

' EURTHER IMPROVEMENTS WERE OBTAINED BY REDUCING.THE NUMBER

OF FLOW CELLS TO TWO AND DIVIDING THE OUTPUT OF THE 570
| 'CHANNEL ELECTRICALLY TO PROVIDE A SUPPRESSED CHANNEL.
THIS REDUCED MIXING VOLUME AND INCREASED PEAK MEIGHT

RELATIVE TO BASE LINE VARIATIONS. A CHANGE IN THE CON=-

FIGURATION OF THE PHOTOMETER SET UP ALLOWED BOTH FLOW CELLS
. TO BC ILLUMINATED FROM A SINGLE LAMP RATHER THAN THE THREE
. 7-' LAMPS USED ORIGINALLY. THIS REDUCED THE POWER REQUIRE- -

MENTS FOR THE VOLTAGE STABILIZER SUPPLYING THE LAMPS TO ABOUT —

/
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ONE FOURTH OF ITS RATED CAPACITY AND ELIMINATED LAMP NOISE
wnnCH'HAQ ocCpéEo PREVIOUSLY DURING SWITCHING OPERATIONS.
1T ALSO ELIMINATED RANDOM VARIATIONS VETWEEN CHANNELS DUE
TO INSTABILITIES IN THE_LAMES.

AN ADDITIONAL CHANGE WHICH HALVED THE MATERIAL REQUIRE=-
MENTS WAS THE ADOPTION OF AN ACCELERATED SINGLE COLUMN
SYSTEM sunlLAﬁ T0 THAT OF DeEveny:l (38) WHICH ALLOWED
DETERMINATION OF AFL AMINO ACIDS IN A SINGLE RUN. THIS
PROCEﬁURE‘REQU]REb rﬁE usE OF A THIRD BUFFER WITH l&CREASED
rontc STRENGTH (0.8 N |N'sqdf0n.|oNs) PREPARED AS SHOWN

BELOW AND ELEVATION OF OPERATING TEMPERATURE TO 580 C. THEe

pH 6.35 _ |
SopiumM HyoRoxi1pe (FISHER CERTIFIED REAGENT) 160 &
Citric Acio (A.A.A. GRADE, Bio-Rap) 259 &
OctanotC Acio (A.A.A. GRADE, Bi10-Ran) . | 0.5 ML

FINAL VOLUME . o ' o 4 L
Rebuésn VISCOSITY AT THIS ELEVATED TEMPERATURE ALLOWED THE
‘FUMPING.RATES To.éE INCREASED T0 80 ML/HR FOR BUFFER AND
AQQjML/HR,FOR NINHYDRIN. THIS SYSTEM WAS USED FOR THE
';“ALYSES.OF THE.OX1DLZED SAMPLE OF saLMon CT AND ALpreo
COMPLETE QUANTITATIVE AMINO ACID ANALYSIS o& AS LITTLE AS
'2’~M0Lsslbr pRoféln. THE TIME REQUIRED FOR A COMPLETE
ANAL§S|S WAS REDUCED TO LESS THAN 5 Hours (PH 3.25, 50 MIN;
PH 4.40, 60 minN; PH 6.45, 95 MIN; RECYCLE, 70 MIN).

" THESE MODIFICATIONS ALLOWED ROUTINE OPERATION AT THE
5 NMOLE LEVEL, A SO'FQLD INCREASE IN SENSITIVITY, BUT IT

WAS STILL NOT POSSIBLE TO-WORK AT THE 1 NMOLE LEVEL.
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BASELINE NOISE FROM THE HYDRAULIC SYSTEM WAS THE MAJOR
PROBLEM SINCE THE SOLID STATE ELECTRONICS WERE ESSENTIALLY
NOISE FREE AND COULD PROV I DE ALmoéT UNLIMITED GAIN. LINEAR
AMPLIF]CATIdN‘OF THé OUTPUT SIGNAL HOWEVER, MAGNIFIED THE
NOISE AS WELL AS THE SIGNAL DUE TO THE NINHYDRIN PRbDUCTs.
.CALCULATIONS OF AMINO ACID CONCENTRATIONS IN THE'ELQATE
OF THIS sYsrch ARE BASED ON THE Beer-LAMBERT Law
(I/lo‘= e ~UCX) wHICH STATES THAT THE RATIO OF THE INTENSITY
OF TRANSMITTED LIGHT (T) T0 THAf OF INCIDENT Ltcﬁr (lo) s
A LOCAR[THMIC FUNCTION OF THE ABSORPTION COEFFICENT () oF
THE DISSOLVED COMPOUND, THE CONCENTRATION OF THAT COMPOUND
:(c) AND THE PATHLENGTH .(x). WHEN ", fo'ANo XVARE CONSTANT,
ly THE QUANTITY MEASURED, IS A LOG FUNCTION OF THE CONCEN=
TRATION. IN THIS SYSTEM A CONCENTRATION CHANGE FROM O TO1
NMOLE AND FROM 15 T0 20 NMOLES BOTH RESULT IN A RECORDER
DEFLECTION WHICH |s’10%-0F FULL SCALE. THuUS BUQBLES-A&D
PARTiCLES.bAUSE LARGE FLUCTUATIONS IN THE BASELINE, BQT.
LARGé CHANGES IN CONCENTRATION SOMETIMES HAVE ONLY A RELA=
TIVELY SMALL éFFECj.; IT 1S THEREFORE POSSIBLE TO IMPROVE THE
SIGNAL TO NOISE RATIO OF THE SYSTEM BY‘USINC'AN AMPL I FIER
WITH AN OUTPUT WHICH IS A LOGARITHMIC FUNCfION.OF ITS INPUT.
THE USE OF SUCH A LOG=AMPL I F1ER MEANS THAT PEAK HEIGHT
‘B£COMES DIRECTLY PROPORTIONAL TO CONCENTRATION AND THAT
SMALL VARIATIONS NEAR THE BASELINE ARE NO LONGER EXAGGERATED.
F1GURE 46 SHOWS THE CIRCUIT DIAGRAM OF'A'LOG-AMPLIFIFR

DESIGNED BY TECHCAL ELECTRONIC SERVICES, VANCOUVER, B.C.

FOR USE WITH THE PHOTO-TRANSISTOR DETECTION SYSTEM.
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FURTQER IMPROVEMENTS MADE TO THE SYSTEM Af THLS.TIME
INCLUDED REDUCTION OF COLUMN DIAMETER TO Q;6 CM WHICH Rsbucso
ELUTION VOLUME BY HALF, EFFECTIVELY DOUBLING SAMPLE CONCEN<
TRATION IN THE - ELUATE; AND THE USE OF A Two.BUFFER-s}NcLE
"COLUMN ELUT]ON.SYSTEM.v-THE FIRST BQFFER‘WAS THE SAME.AS
THAT PREVIOUSLY USEOD BUT THE PH 4.40 BUFFER WAS ﬁAoE uP TO
0,8 N In SODIUM 1ONS BY THE ADDITION OF 35.1 ¢/L OF SoDIuM:
CHLORIDE (FISHER REAGENT GRADE) I'T HAD BEEN OBSERVED
EARLIER THAT-BQTﬁ SODIUM CITRATE AND CITRIC ACID APPARENTLY
CONTAINED MINOR CONTAMINANTS WHICH WERE NINH*DR!N POSITIVE.
THIS MEANT THAT INCREASING fONIC STRENGTH WITH CITRATE
BUFFERS INCREASED THE BACKGROUND COLOR IN THE PHOTOMETER AND
IN THE HIGH sewsiruvtrY SYSTEM THIS RESULTED IN A MARKED
SHIFT IN BASELINE DURING'THEiTHIRD.BUFFER leéH'WAS'AN.INCON—
véulswce, THis WAS.ELIMINATED BY MAINTAINING THE CONCEN-
TRATION OF CITRATE IN BQTH-au#FERs CONS%ANT AND INCREASING
JONIC STRENGTH Q}TH S601uM CHLORIDE WHICH CAUSED NO CHANGE
IN BACKGROUND coLoR., “ | | |

THtS SYSTEM WAS USED FOR THE ANALYSES.ON THE SALMON CT
TRYPTIC PEPTIDES (TABLE VI) AND FOR PORCINE CT PEPTIDES
(CHAPTER IV), AND IS RUN ROUTINELY AT THE 5 NMOLE LEVEL.

iPUMPING RATES OF 50 ML/HR FOR BUFFER AND 25 ML/HR FOR NIN=
HYDRIN ALLOW COMPLETE AMINOIACID ANALYSES IN SLIGHTLY OVER
4 HR ON SAMPLES OF LESS THAN 1 NMOLE WHEN THE FULL GAIN OF

THE LOG-AMPLIFIER IS USE D THE DECREASED=ANALYSIS TIME ALSO
MEANS THAT THE AUTOMATED SYSTEM ALLOVS COMPLETION OF THREE

ANALYSES DURING A NORMAL DAY. A FURTHER ADVANTAGE OF THE
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SYSTEM lé‘THAT THé LINEAR RELATIONSHIP.BETQEEN PEAK HEIGHT
AND CONCENTRATION ALLOWS DIRECT DETERMINATION OF co~ce~-
TRATION FROM MEASUREMENTS OF PEAK HEIGHT. VARIATION IN
PEAK HEIGHT BETW?EN AM INO ACIDS CAN BE COMPENSATED FOR BY
THE .USE OF cdRaecrnon FACTORS AND THE TED!OUS PROCESS OF
AﬁEAlCALCULATIONS AND THE INACCURACIES orlerecRArlué UNITS
ARE ELlMlNArEd." COMPARISONS OF‘fHE'ACCURACY OF AREA'AND
HEIGHT ﬁEAsbREMENTs_uh THIS SYSTEM HAVE SHOWN NO SIGNIFICANT

VARIATION BETWEEN THE TWO METHODS.

E. .  PREPARATION AND |DENTIFICATIONv2£ DansYL DERIVATIVES.
'N-TEgMiNAL AMINO ACIDS WERE DETERMINED BY A MobiFfCATION
.OF THE DANSYL PROCEDURE OF GREY AND HARTLEY (47) AN ALIQUOT
OF THE‘SAMPLE TO BEANALYSEDCONTAINING APPROXIMATELY 1 NMOLE
OF PEPTIDE WAS PLACED IN A 4 x 50 MM PYREX CULTURE TUBE WHICH
HAD BEEN CLEANED BY THE SAME‘METbeS oes¢R1BED FOR THE
HYDéOLYSIS TUBES. THE SAMPLE WAS»DRIED'lﬂ_VAcuuélAND
REDISSOLVED "IN 1O.AL‘0? 0.2 M SODIUM'BlCARBONATE'(BAKER
CHEMICALs REAGENT GRAbE).IN‘OEION[?ED: DISTILLED WATER.
iO,pL OF DANSYL CHLORIDE (1-0|METHYLAMl&o—NAPHrHALtNé—S-
SULFONYL CHLORIDE, CatL BloéHe&, Los ANGELES) IN FiISHER
.REAGE§T GRADE Acgrowe_(1 Ma/ML ) WAS THEN ADDED AND THE TUBE
SEALED WITH PARAFILM. THE SAMPLE WAS THEN INCUBATED AT 37°C
FOR 2 HOURS AND DRIED IN A VACUUM DESICCATOR OVER SULFURIC
AC1D., AFTER DRYING 50 ML OF CONSTANT'BblLING HYDROCHLOR!C

ACID WAS ADDED AND THE TUBE DRAWN OUT AND FLAME SEALED.,

AFTER FOUR HOURS OF HYGROLYSIS AT .105° C THE TUBE WAS OPENED
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.AND'DﬁfED‘IN A VACUUM DESSICATOR OVER SODIUM HYDROXIDE. . THE
RESIDUE WAS THEN DfSSOLVEDilﬁ 10 gL OF AN ACETONE—GLACIAL
ACETIC ACID M1 XTURE (3:2) FOR ApPL|cAf|oN TO THE POLYAMIDE
kLAres USED FOR SEPARATléNm'

THE SYSTEM USED FOR IDENTIFYING THE DANSYL DERIVATIVES
PRODUCED WAS SIMILAR.TO THAT OF Wo000S ANo'wANG (132) as-
MODIFIED BY HARTLEY(52). THE BASIC PROCEDURE IS TWO—
/D!ﬁENSIONAL, THIN=LAYER CHROMATOGRAPHY ON POLYAMIDE PLATES
 (CHENc-CH|N TRADINGlCO. LTo. TAIPEl, TAIWAN) USING FOUR
soLVENT SYSTEMS WHICH-ALLOW POSITIVE IDENTIFICATION OF ALL
.NATURAL AMINO ACID.DERJVATIVES FROM A SINGLE SAMPLE. THE
ORIGINAL 15’9M SQUARE PLATES ARE. CUT |Nf6 NINE 5 cM SQUARE
‘PLATﬁslngéH ARE USED TO RUN fHE SAMPLES. THIS REDUCES BOTH
RUNNING Tlﬁe AND césr, THOUGH SINCE PLATés CAN .BE WASHED AND
REUSED THE COST FACTOR IS NOT REALLY .SIGNIFICANT. 0.5 uL oFf
A STANDARD SOLUTION CQNTA!NING 60 P1COMOLE/UL OF EACH DANSYL
AMINO Aqid IS.APPLIED TO ONE SI1DE OF THE PLATE 0.5 ¢cM N
FROM fHE SIDES IN ONE CORNER, AND A SIMILAR SAMPLE OF THE
‘UNKNOWN.CONTAINING 10 7o SO‘PMOLEs ts APPLiEo TO THE OPPOSITE
SIDE AT THE  SAME POINT. THE FOUR SOLVENT SYSTEMS USED ARE
LISTED BELOW.

1. 1.5% AQUEOUS FORMIC ACID
2. BENZENE, ACETIC ACiD, 921 :
3. N=HEXANEjy N=BUTANOL, ACETIC ACID, 3335:1

4, 0.1 M AMMONIUM HYDROXIDE, ETHANOL, 921

THE BASIC TWO=DIMENSIONAL RUN CONSISTS OF SOLVENT (1)
IN oJQe~sno~'(1) FOR 3 TO 5 MINUTES, FOLLOWED BY'SOLVENT (2)

IN DIMENSION (2)~Fok 5 1o 7 MINUTES. EXTREME CARE MUST BE

TAKEN TO DRY THE PLATE THROUCHLY AFTER SOLVENT (1),



Ficure 47,
ON POLYAMIDE LAYERS
DESCRIBED IN THE TEXT AND WERE RUN
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MOST DERIVATIVES.

DnasYL HYDROXIDE$ NH,

Bis-DNS=His3 BK, Bis~DNS=Lyss

(E) -1, ’2: 4.

MIAGRATION OF DANSYL DERIVATIVES OF AMINO ACIDS
IN VARIOUS SOLVENTS.

SOLVENTS ARE

IN THE DIMENSIONS INDICATED,
SINGLE LETTER NOTATION FOR THE PARENT AMINO ACIDS ARE USED

ADDITIONAL ABBREVIATIONS INCLUDES
DansYL AMINE3 BY, Bi1s=DNS=TYR} -
CA,

DNS=CYSTEIC ACID}

N~DNS~Tyrs OY, O~DNS=TYR; aH, a=DNS-His; eK, €¢=DNS=-LYS.
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FiGurRe 47 (A) SHOWS THE POSITIONS OF THE FLOURESCENT
SPOTS VISIBLE AFTER THESE TWO STAGES. THE 6ANSYL DERIVATIVES
OF PROLINE,”ISOLéUCINE, LEUCINE, VALINEy, PHENYLALANINE,
GLYCINE, METHIONINE, TRYPTOPHAN AND ALANINE CAN BE POSf|=
TIVELY IDENTIFIED AT THLS POINT. THE DI=DANSYL DERIATIVES
OF TYROSINE, LYSINE AND HISTIDINE CAN ALSO BE IDENTIFIED,
AS CAN DANSYL AMINE AND DANSYL HYDROXIDE. IF IDENTIFICATION
CANNOT BE MADE AT THIS STAGE SOLVENT (3) MAY BE RyN'IN
olméNéloN (2) FOR ABOUT 8 MINUTES TO SEPARATE THE DERIVA-
*TJ&ES’OF GLutAM]c-ACLD FROM ASPARTIC ACID; THREONINE FROM
. SERINES ARGINI&E FROM E-LYSINE AND a-Hférnpuws; AND CYéTINE,
'G*TYFOSINE AND O-TYROSINE FROM DANSYL HYDROXIDE. THE POSI-
-ifous OF THE épdrs ATfTHls STAGE ARE SHOWN leFlGURE 47 (8).
AT THIS STAGE THE.CYSTEICVAQID DERIVATIVE MAY STILL BE HIDDEN
'QENEATH THE DANSYL HYDROXIDE STREAK I|F THE STREAK |S LARGE
AND THE e-!ysius AND GTHISTlolNE DERIVATIVES ARE UNRESOLVED.
'DANSYL CYSTEIC ACID‘MAY BE SEPARATED FROM DANSYL HYDROXIDE
EB¥ RUNNlNG deyENT (1)'IN.DIMENSION.(2) FOR 3 TO .5 MINUTES
‘(FjQURE 47@5; THE DERIVAT|VE$>0€'8—LYSINE AND Q—HISTIDINE
MAY B% SERARATED_BY hQNN{NG"SOLVENT (4) N DIMENS 1 ON (2) for
310 5 MINUTES (FiGuRE 470). a-HlsriocNe, E~LYSINE AND |
ARG IN I NE DERIVATIVES MAY ALSO BE SEPARATED BY RUNNING
SOLVENT (4).|MMED[ATELY AFTER SOLVENT (2), AND IF THESE ARE
THE ONLY EXPECTED DERIVATIVES THIS PROCEDURE 1S PREFERABLE
s.&cE !T.GIVES>A BETTER SEPARATION AS SHOWN IN Ficure 47 (g).
"THE PLATES MAY BE WASHED FOR REUSE BY STANDING OVERNITE IN

SOLVENT (1) AND WASHING TWICE IN A MIXTURE OF 1T M AMMONIUM
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HYDROXIDE AND ACETONE, 1:1..

THE STANDARD“DANSYL AMINO ACIDS USED WERE‘PREPAREDVFRQM
THE AMINO AClos(CALBnocnsn, Loé ANGELES) BY THE FOLLOWING
PROCEDURE. 6.5 ﬂmoLes OF AN AMINO ACID WERE dlSSOLvsd IN
1 ML o? 0.1 M sontum echRsoNATe soLQT|o~ AND MIXED WITH
1 ML OF DANSYL CHLORIDE IN ACETONE (6 MG/ML). THE MIXTURE
“WAS ALLOWED TO STAND OVERNITE AND THE SODIUM BldARBONATE
PRECIPITA*ED WITH 8 ML OF ACETONE. THE STOCK SOLUTIONS
THUS CONTAINED‘650 pMdLES OF DERIVATIVE PER yy; 'AN ALIQuUOT
OF THE HISTIDINE sAMéLE WHICH CONTAINED PRIMARILY THE BIS—
HISTIDINE DERIVATIVE WAS HYDRQLXSED‘TN 5.7 M HYDthHLORJE
t-ACID FOR 17 HOURS To éébpdcs THE a-umsrlbuue DERIVATIVE (47).
E-~DANSYL=LYSINE wAs'pUchAézﬂ FRéﬁ'CALBfOCHEM, Los ANGELES
AND MADE UP TO A SIMILAR CONCENTRATION IN ACETONE. THE ABOVE
SOLUTIONS WERE MIXED IN EQUAL VOLUME TO PRODUCE THE STANDARD

SOLUTION USED IN THIN-LAYER CHROMATOGRAPHY.,

‘F.‘ POLYACRILAMIDE GEL ELECTTROPHORﬁSIS.

POLYACRILAMIDE GEL ELECTROPHORESIS WAS CARRIED bur
'~ USING THE METHOD OF JOHNS'(61). THE GELS WERE PREPARED
"IN 5 X 75 MM GLASS TUBES ustG 1.ML OF A SOLUTION CONTAINING
10 ML OF MoNOMER sTock (40% w/v acRiLAMIDE, 0.6% w/v
'N,N'-METHYLENEB(SACRtLAanE (N'ofsrnLLEo WATER ), 10 ML of
cataLyst 1 (0.5% v/v N,N,N'N';TEfRAMETHYLENEDIAM]NE IN
4.6 N ACETIC ACID) AND 6 ML OF CATALYST 2 (0.6% w/v amMMo-
NIUM PERSULFATE) FOR.EACH TUBE. ORGANIC REAGENTS WERE

PURCHASED FROM EASTMAN ORGANIC CHEMiICALS, ROCHESTER, N.Y.,
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_AND AMMONIUM PERSULFATE wAS FISHER REAGENT GRADE. THE céL
_sQLQTIQN WAS DEGASSED FOR 30 MINUTES IN.A_VACUUM.DESSICATOR
BE FORE eElNc'éLAceo lN.THE'TusEs; DISTILLED WATER WAS
'LAYERED CAREFULLY ON THE TOP OF THE GEL WITH AN INFUSION
EPQMP TO ELlHlNAT; THE MrNiSCUS,'AND‘THE.GELS ALLOWED TO
"POLYMERIZE., ELECTROPHORESISlWAS CARRIED OUT IN A SHANDON
ﬁODEL‘12734 APEAﬁATus (CQLAB CanaDA LTD., WESTON, ONTARlo).
Gers wsés PLAcso IN THE APPARATUS SO THAT éAMp;s M1GRATION
WAS TOWARD THE CATHODE AND THE GELS WE RE EQUILIBRATED WITH
0.01 M acetic Acio FOrR 3 aduns AT 32 voLTs. AFTERVfHE‘
EQUILIBRATION BUFFER wA§ REPLACEb,w[IH FRESH BUFFER - 20 MG
OF PROTEIN DISSOLVED IN 10 ML OoF 1 M sucrose IN 0,002 M
ACETIC ACID WAS APPLIED TO THEVTOP OF THE GEL AND THE
‘APPLICATION ZONE.SHARPENED IN A‘32;VOLT FIELD FOR 25 MIN,
 ELECTROPHORESIS WAS:THEN CARRIED OUT AT 320 v For 70 MIN
AND THE TUBES REMOVED. THE fuaes WERE  THEN pRAckeo IN A
’Vjss AND THE GELS PLACED IN 12,5% TCA fFor 30 MIN TO Fl*
THE'?ROTEIN FOR STAINING. TH;lSTAiN»USED WAS 0;05% (w/v) R
Coomassie BRILLIANT‘BLUE R250 (CoLaB LABORATORIES, |N6.,L- |
, ~CH|cA¢o HEIGHTS, ILLINOIS) IN 12.5% TCA (22). AFTER 1 HOUR
IN THE STAINING SOLUT{ON THE GELSvWERE bESTAﬁNeo OVERNITE

IN 12.5% TCA.
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SINGLE LETTER NOTATION FOR AMINO Acios. (59)

- ALANINE

- ASPART|c ACID OR ASPARAG}NE
- CYSTEINE |

AséARffC'Ac1o

""" — GLUTAMIC ACID

~ PHENYLALANINE

- GLYCINE

T © M M O O W > o
1

- HISTIDINE

] = |SOLEUCINE

K = LysiINe

L - LEUCINE
M - M;THideNE
N

- ASPARAGINE

- PROLINE
- GLUTAMINE
ARGININE

- SERINE =

T~ W DO T
1

— THREONINE

<.
!

VAL INE

W - TRYPTOPHAN

P
1

UNKNOWN OR '"OTHER":
Y — TYROSINE

Z — GLUTAMIC ACID OR GLUTAMINE



