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STKTiTiTMGEN 

1. De conclusie van von Holt, Voelker en von Holt, dat het gerecht

vaardigd schijnt volgens Wilzbach gemerkte Insuline te gebruiken 

i» biologische proeven, wordt niet gesteund door de resultaten 

van de hydrolyse van het gemerkte insuline. 

C. von Holt, I. Voelker, L. von Holt 

Blochim. Biophys. Acta ̂  (I960) 88 

2. Huang Wei-yuan, Hsu Jin-wen en Sun Shie-öhemg hebben niet bewe

zen, dat bij hun poging tot synthese van 24-iso-ß-sitosterol (Y-

sitosterol) voomamelijk ß-sitosterol ontstaan zou zijn. 

Huang Wei-yuan, Hsu Jin-wen, Sun Shie-chemg 

Acta Chimlca Sinica ̂  (1966) 57 

3. Als in de formule van Debije voor de diëlectrische constante van 
s - 1 

vloeistofVnengsels de uitdrukking _ wordt vervangen door 

ïT - 1, wordt een formule verkregen die een betere overeen

stemming geeft met de experimentele resultaten en eenvoudiger is 

toe te passen. 

H. Looyenga, Molecular Physics 2 (1965) 501 

E. Bock, E.F. Do jack. Can. J. Oiem, ^ (1967) 1097 

F.I. Mopsick, Journal of Research of the N.B.S. 71 A (1967) 287 

4. Pearson beweeirt ten onrechte, dat de veranderde vloeistofsamen

stelling vlak bij het oppervlak van een gesuspendeerd deeltje in 

een dióhtheidsgradiëntkolom het oppervlakte-energie-effect van 

Kawai en Keiler te niet zou doen. 

J.R.A. Pearson, Polymer 9 (1968) 285 

T. Kawai, A. Keller, Phil. Magazine 8 (1965) 1975 

5. De methoden, die gebruikt zijn om het pH-optimum van llpoxidase 

te bepalen, leiden tot aanvechtbare resultaten. 

G.R. Anes, T.A. King 

J. Sei. Fd. Agrio. 17 (1966) 301 



6. De methode van Belfield en Goldberg voor de beptaing van 5'-nu

cleotidase in serum is een verbetering ten opzichte van de ge

bruikelijke bepalingen en kan een belangrijk hulpmiddel zijn bij 

het aantonen van primaire of metastatische levertumoren. 

A. Belfleld, DJï. Goldberg, Nature a g (1968) 7* 

K. Smith, HJI. Varon, G.J. Race, DJ!.. Paulson, H.C. Ursohel, 

J.T. Mallams, Cancer 3£ (3566) 1281 

7» De wettelijke normen voor het lozen van radioisotopen in afval

water missen in ten minste enkele gevallen een redelijke basis. . 

8. De duinen van Voome-Putten zijn, nationaal zowel als internatio

naal gezien, zo belangrijk als natuurmonument, dat zutntasting er

van door verdere iiltbreldlng van de Maasvlakte onaanvaardbaar is. 
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C H A P T E R 1 

IKTRODUCriON 

1.1. Wilzbach's method 

In 1956, WilKbaoh introduced e radiation-induced exchange meUiod for the 

labelling of organic Kubctanoen »dth tritium ' '. An organic compound (gas, 

liquid or solid) is allowed to remain in contact with Curie quantities of pure 

tritium gas during a period of neveral days to several weeks. Under the influ

ence of its beta-radiation, part of the hydrogen atoms are substituted by tri

tium atoms: 

RH -1- Tg ^"''^^T^^°") HÏ + other products 

Usually less than 1 ̂  of the tritium gas present is incorporated per day. The 

specific activities obtained are in the range of 0.1 - 10 mCl/mmole. ' 

The major problem in applying this method is that of purifying the label

led product. Due to such reactions as isomerizatlon, hydrogénation and raccmi-

?iation, radioactive by-products may evolve in amounts exceeding 10-100 times 

the radioactivity found in the product desired. These by-products are then 

often found in chemically uniinportant quantities and their specific activities 

may be extremely high. Other by-products are due to fragnentatlon and polymer-

iiiatlon, but these can usually be removed easily. Several excellent reviews 

summarize results obtained upon application of the Wil'<;bach method. 

1.2. Mechanism of the Wilzbach labelling process 

Many investigations have been reported that focus attention on the mech

anism of the Wilîibaeh labelling of gases (methane ', ethane ' , ethylene"^, 

cyclopropane , C-6 hydrocarbons , toluene '. In this respect, the follow

ing general remarks have been madei 

(a) For many of these gas reactions, it has been found that the number of T-

atoms incorporated in organic molecules is equal to the number of excited 

Ions geierated by this nuclear reaction« 

Tg -» ViiäE* + e" 

The process based on it, is called decay-induced labelling. That decay-

Induced labelling is involved can be concluded from the (L,-vdue, lAiich 

gives the number of T-atoms, incorporated into organic molecules per 100 eV 

of energy absorbed by these molecules. Per deslntegrating T„-moleoule, a 

mean energy of 5500 eV Is absorbed by the system. If the T-atom of each 

HeT -iœi is incorporated into an organic molecule, a CL-value of 100/^500 -



O.OlB w i l l be found. For methane, for i n s t ance , t h e following sequence of 
7) decay-induced r e a c t i o n s i s proposed ' t 

1 . HeT* + CHjj —» CHĵ T"̂ * + He (-89 <AHp < -67) 

- • CH^* + Hg ( 2 9 <Mij. < 44) 

- » C^j^T* + Kg (AH^ - - 20) 

—> CHgT* + CH «̂ (AH^ - -334) 

—» CHJT + CH4 (*kH^ ~ 0 ) 

—> CHÎ + CHjT (AHj, 'vx a ) 

Similar reactions are proposed for toluene. 

The decay-induced labelling is Independent of t«qperature and uniiqportant ^ B 

(low GL,-value) as a mechanism for tritiation of liquids and solids at room 
131 teiis>erature . 

At low temperatures (77 ^ ) , decay-induced labelling seems to be the most 
14) 

in^oirtant mechanism '. 

(b) Reactions between ionized or exdted T„-molecules or atoms with the organic 

compound are also posslUet 

>4.6 eV 

2 . 

5 . 

CH4T"" 

. CHgT-*-

CgH^T^ 

CHgT* 

CByr* 

+ (Si^ 

+ e~ 

+ CHĵ  

+ CH;̂  

Tg ,s^ ^ ^ 

> 1 3 . 5 eV 

T"*" + e" » 

2 T ' 

T* 

T ' * 

(or 2 T * * ) 

(or T"^) + e" 

(T '* and T eu?e r e spec t ive ly a t r i t i u m r a d i c a l and a t r i t i u m ion with an 

excess translation energy.) 

!niese tritium atoms or ions may cause reactions likei 

T'* + RH — » HC + H"» ^ 

(c) Exchange with Tg of excited or ionized molecules, formed by interaction of 

these molecules with beta-particles, seems to be an inportant mechanism. 

Schematically; 

RH /<^/\/^A.^ 

RH ^>.^x^s^ 

RH"- + Tg » 

RH* + Tg » 

RH* + e " 

RH* 

HP'*' + HT 

RT + HT 
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Riesz and Wilzbach ' consider the reactions mentioned under (c) as mdnly 

responsible for the nature and the distribution of the carbon skeletons of 

labelled and unlabelled products. The correspondence between the products of 

gamma-ray radiolysls of benzene and n-hexane and the products obtained in the 

Wilzbach tritiation of these substances is an argument for this assumption. 

The multitude of parameters involved, even in the case of methane, makes 

mechanistic studies very difficult. For larger molecules little is known about 

the ions and the excited states that can be present and about their reactivity. 

Por the heterogeneous Wilzbach labelling, additional complications may be 

Caused by surface phenonena, influence of the crystal lattice and traces of 

inqpurities. Labelling of a great number of solid substances has led to the 

following observations! 

(1) Chemical structure and distribution of tritium in a molecule 

No relation htis been reported between the distribution of tritium in a 

molecule and between its cheraioal structure^' , except for the follow

ing features« 

- Certain chemical bonds, especially C-J bonds, are very sensitive to 

radiation. Confounds with such bonds are preferentially labelled through 
17) replacement of iodine by tritium ' ' . 

- Saturation of double bonds takes place preferentially. Depending on the 
Iß) 

type of oleflnic system, varying degrees of addition are found 

Usually this is an important process, for instance with fatty acid 

esters ' and some steroids , »öiere most or all of the incorporated 

activity was found in the hydrogotiated product. 

- In most cases, substitution In aromatic systems takes place mor« readily 

than in aliphatic systems^' . 

(2) Stereoobemletry of the Wilzbach substitution process 

I&ioWledge about the stereochemistry of the tritium substitution in the 

Wilzbach process is of practical importance, because racemic or diastereo-

isomerlo labelled products are often difficult to separate from the de

sired substance. Several studies were undertaken by different investiga

tors to determine the extent of racemization t^Jdng place in the tritia

tion of organic compounds. The results of the tritiation of (crystalline) 

(-)inoBltol and (liqdd) hexa-0-methyl(-)inosltol, carried out by Angyal 

et al., are given in Table 1 21)22)^ 
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Table 1 Results of tritiation of (-)inositol and of hexa-0-methyl(-)inosltol 

substance 

r e l a t i v e 
a c t i v i t y 

substance 

r e l a t i v e 
a c t i v i t y 

Hö^.5 œ ^ 

( - ) i n o o l t o l 

1.0 

hexa-O-methyl 
( - ) l n o s i t o l 

1.0 

H o \ Ho/oH 
œ 

myo-inositol 

0.09 

hexa-O-methyl 
myo-inositol 

0.65 

H0\^ H<jl/" 

a l l o - i n o s i t o l 

0.06 

hexa-0-metViyl 
a l l o - i n o s i t o l 

0.47 

H a \ HO/OH 

OH 

muco-inositol 

0 .03 

hexa-O-methyl 
muco-inositol 

0 .33 

They proved by degradation that (-)inositol and hexa-0-metViyl(-)lnoEitol 

were nearly equally labelled at each of the six carbon atoms of the ring -^'t 

whereas myo-inositol contained tritium only at C-1. Assuming that allo-ino

sitol and muco-inositol also contained tritium only at Vtie inverted carbon 

atom, they calculated the ratios of Inversion to retention in (-)inosltol ap

proximately as 1 « 4, 1 « 12 and 1 « 6 at C(l), C(2) and C(3). For hexamethyl-

(-)inosltol, these ratios are approximately 2 « 1, 1 « 1 and 1.5 t 1, respec

tively. 

Inversion in both compounds is greatest at C(l), t^ere an axial hydroxyl 

is converted into an equatorial one. A similar study was carried out by Craw

ford and Gamett with (crystalline) (+) and (-) oct-2-ylhydrogen phthalate and 

with (liquid) (+) octan-2-ol '. They observed predomlneuit retention of con

figuration with (+) and (-) oct-2-ylhydrogen phthalate, »ftdlst octan-2-ol ra-

cemized to the extent of 80 $£. For L-mandelic acid (crystalline), tritlated 

by the Wilzbach method, Riesz found about 30 % Inversion when the a-hydrogen 

was substituted by tritium '. Brown et al. ' had not found inversion in the 

Wilzbach-labelllng of 1,2,3,5-tetra-O-acetyl-D-riboftiranose, but it is quite 

possible that trltiated isomers were removed through their purification proce-
ZT) 

dure. Evans ' ' found (partial?) inversion of L-methiodne, L-proline and L-

tryptophan during Wilzbach labelling. Simon-^' observed hl{^ degrees of inver

sion vtiea the CH-group in tartaric add was replaced by tritium (78 - 98 fi) ; 

in the calcium and copper salts retention prevdled (about 25 SÉ Inversion). 

In meso-tartaric add, substitution of the carbon bound hydrogen caused 12 Ji 

inversion. 
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However, the data now avdlable are still too scarce to draw general con

clusions. At present, inverdon in the liqdd phase seems to be more im

portant than in the solid phetse. It is likely that intermolecular hydrogen 

banding In crystd lattices restricts configurational changes during the 

labelling process. 

(3) Crystal structure and distribution of tritium in a compound 

The relation between the distribution of tritium and the orystd 

structure of a compound is very obscure. From a recent publication about 

the Wilzbach tritiation of sugars, one might infer that tritium is the 

more evenly distributed in a molecule as the crystal structure of the com-
28) pound is the more irregular '. 

(4) Effects of exposure time, T_-pressure, surface area and temperature 

Different authors found that the amount of tritium incorporated in a 

compound increased linearly with the exposure time ' ^ ' ^ > , An exponen-
31) 

tial increase heus been found for oholio add-' . 

According to Riesz ', GL,-values for hydrocarbons are roughly propor-

tiond to the pressure of tritium. Wilzbach found, however, that the la

belling of benzoic acid, WEIS independent of tritium pi>essure, but the for

mation of labelled by-products almost proportional to this pressurer^'. 

Gamett and Law^' found a linear i^atlonship between the specific activ

ity of phenanthrene and the square of tritium pressure. 

Rosehblum and Meriwether^''' found no obvious relation between crystal 

size and the specific activity of labelled cotqpounds. They suggest that 
28) 

surface structure is more important than surface extent. £t>ert ', however, 

mentioned for saccharose an increase in specific activity of the glucose 

part with a factor of 2 idien the crystal size Increased from O.O8 to 1.5i>in. 
•54) 

Wenzd et al.'^' found that Inci^asing the surface of salicylic a d d with 

factors of up to 10 by tibsorption of the compound on charcoal, 5-100 times 

higher specific activities were obtdned. It is possible, however, that 

absorption on a carrier substance changes the reaction mechadsm. Gamett 

and Law^' found an exponentid d^endence of the specific activity of 

phentuithrene and the surface area of the sample. 

Little information is avdlable about the influence of ten^erature. 

Wilzbach^' mentioned, for benzoic add, that an increeuse in temperature 

from - 15 °C to + 60 °C doubled the amount of tritium incorporated per day, 

«Aille the tritium incorporation in by-products remdned the seme. Ebert and 

Richter ' found for the activity in the glucose part of saccharose at 

- 195. - 80, + 20 and + 60 °C respectively 1.3, 10.2. 13.7, and 31.5 x W " ^ 

pCl/mg. The first three values lie on a strdght line in an Arrhenius plot. 
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the last vdue shows a deviation to hi^er activities. 

1.3- Purpose of our investigation 

The Wilzbach method for the lEtbelllng of orgadc confounds may well be 

seen as a last resort; it may scmetimes prove useful lAien it is Imposdble or 

very difficult to labd a compound by other methods (direct syntheds, catd-

yzed exchange in solution). ExaBS>les of possibly useful applications lie in 

the field of peptides and proteins. 

So far, various Investigators, indudlng the present author, have label

led qdte a number of amino adds, peptides and proteins by the Wilzbach meth

od. A sdectlon from thdr reported work is given in Table 2. In our opinion, 

the vdue of the Wilzbach method for the labdling of amino adds is limited. 

For most compounds, chemlcd synthesis or catalyzed exöhtuige in solution are 

the methods of choice. For sane amino adds, täiere exchange in sdutlon gives 

bad results, the Wilzbach method is a useful substitute. 

In the fldd of peptides and proteins, the Wllzbaah method is more Important 

because chenicd synthesis or catalytic exchange are often very dlfflcdt or 

Inpossible. 

A meujor disadvantage of the gas-exposure method, however, is the dlffl-

cul-t̂  to establish the radlochemlcd purity of a tritlated product. The mdn 

criterion, used to establish this radiochemical purity, is the colnddence of 

the radioactive and the biologlcdly active peak in chromatographic and/or 

electrophoretlc studies. This colnddence of both petdcs is a necessary, but 

not a sufficient, condition for radlochemlcd purity. Radiochemicd impurities 

which are due to isomerizatlon, racemization or hydrogénation may be difficult 

to detect and to remove. For Instance, little is known about the effectiveness 

of the usud purification methods for removd of traces of hlgciLy radioactive, 

diastereo-isomeric forms of peptides and proteins. 

The objective of our work under report is to obtdn moi'e information about the 

inportance of racemization and tprdrogenation caused by T-substitution and ad

dition in the solid phase. As modd compounds were chosen severd amino adds 

and adrenocorticotropic hormone. 

CSiapter 2 of this theds gives a generd outline of procedures used and 

of resdts obtdned with W.lzbach tritlated L-amlno adds. We determined, for 

severd amino acids, the amount of radioactive D-andno add formed during the 

tritiation of a pure L-amlno acid. In order to cdculate dso the degree of 

inversion that acooiqpades substitution of ̂  by n9, the distribution of tri

tium in two amino adds (vdlne and dadne) was determined. The Importance of 

radiochemicd impurities caused by hydrogénation was studied quditativdy by 

thlnlayer radiochromatography. Part of this work has been published dse-



where»>54). 

Chapter 3 describes the tritiation of adrenocorticotropic hormone. A dis

cussion of the resdts given in Chapters 2 and 3 is presented in Chapter 4. All 

experimentd detdls are reported in Chapter 5. 

Table 2 Wilzbach labelled p^tides, proteins and amino adds 

substance author reference 

lysozyme 
rlbonucleeuse 

l y s l n e - v a s q p r e s d n 

human dbumln 
Y - g l o b d l n 

Yn-S lo^ ' uü ' i 

i n s d l n 
blood serum dbumln 
oxytocin 
tetanus toxin 
L - v d y l - L - l e u d n e 
thymus p d y p e p t i d e 
bovine pleusma dbumln 
adrenocor t ico t rop ic hormone 

DL-m-tyroslne 
IX>-phenyldanlne 

L-i.Yei.ne 
L - l e u d n e 
L - l s o l e u d n e 
L - p h e n y l d a d n e 
L-tryptophane 
DL-vdlne 
IXi-methladne 
DCi-threonlne 

0-hydroxy- y • 
L-cys te lne 
IXi- leudne 

L - v d l n e 
IXi-vdlne 

L-methlodne 
L-tryptophane 
L - p r d l n e 

L- and D-phenyldanine 
L- and D-prol ine 
L- ty ros lne 
L-glutamlc a d d 
L - d a n l n e 

.amlnobutyric a d d 

Stdnberg 
Leods 

Fong 

Pany 

Rajam 

von Hdt 
Ohanem 
Du Vigneaud 
Spdrs 
Burnett 
Frlmner 
Hill 
HlEhlzawa 

1957 
1963 

1959 

1959 

1959 

I960 
1962 
1962 
1962 
19Ö 
1964 
1964 
3365 

Winstead 

Sato 

Verly 
Klubes 
Wenzd 

Parmentier 

Evens 

Pcunnentier 

i960 

3961 

3963 
3963 
1961, 3964 

1965 

1966 

1966 

35 
55 

36 

37 

38 

39 
40 
41 
42 
43 
44 
45 
46 

47 

30 

48 
49 
50, 51 

52 

53 

54 

http://L-i.Yei.ne
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C H A P T E R 2 

RACmCZATK»! AND HSDROOJOUTION OF AMINO ACIDS UNDER WILZBACH CONDITIQNS 

Th i s chapter p r e s e n t s a g e n e r d o u t l i n e of the procedures used and of t he r e 
s d t s o b t d n e d . For d e t d l s on e:q)eriments, see Chapter 5 . 

2 . 1 . Determination of r a d i o a c t i v e D-amino ac id , formed dur ing Wllzbaäi t r i t i a 
t i o n of t he corresponding L-amlno a d d , by a r eve r se i so tope d i l u t i o n 
method. 

The i n a c t i v e amino ac ids were checked on o p t i c d p u r i t y . After l a b d l i n g 
t h e s e amino ac ids by eiqsoslng them i n t he s o l i d s t a t e t o pure T . - g a s , l a b i l e 
t r i t i u m atoms were removed, ^ e products obtetlned were ca re fu l ly p u r i f i e d by 
repea ted c r y s t d l l z a t i o n and by t h i n - l a y e r chromatography u n t i l t he p u r i f i e d 
product cons is ted only of D- and L-andno a d d . Before p u r i f i c a t i o n , em e q u d 
amount of i n a c t i v e D-amino euild had been added t o t he t r i t l a t e d L - a d d , i n o r 
der not t o remove t r a c e s of a c t i v e D-amlno a d d by t h e c r y s t d l l z a t i o n p roce
d u r e . The p u r i f i e d a d d was d i sso lved and t h e d i s t r i b u t i o n of t h e reuU. c a c t i v i t y 
between t he L- and t he D - a d d was determined by a r eve r se i so tope d i l u t i o n 
method. The p r i n c i p l e of t h i s method i s eis fo l lows. 

We c d l t h e amount of D - a d d m .̂, with a t o t d a c t i v i t y t u , and the amount 
of L - a d d m,, with an a c t i v i t y A. . This mixtuire of L- and D - a d d i s d iv ided 
i n t o t h r e e e q u d p a r t s . To por t ion I i s added an amount II. of i n a c t i v e D - a d d , 
t o po r t i on I I an amount VL of i n a c t i v e L - a d d and t o po r t i on I I I an amount of 
IL— of i n a c t i v e D L - a d d . 

"D - "L - »k M D » -̂  * »t, 

By repeated crystdllzations, we remove d l L-add in portion I, and d l D-add 

in portion II. The specific activities of the three portions are now« 

K K , 5t*L̂ V a_ - — < — : , a..—*i-= and a— • ' ' - r 

" D * H »t^K %,-̂ H*"L> 
The percentages of activity present In D- and L-emdno add, thus obtained, are 

given in good e^proximatlan byi 

— = ~ x 100 and l^ —=- x 100, respectivdy. 
T X *nL 
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Essentidly, this method was first applied for amino acids by Rittenberg'̂  

emd later by severd other authors ''''^''''. The method must be used care-

fdly, for co-predpitation of traces of D-add with the L-acid, and vice versa, 
7) 

may intr^uce considerable errors '. However, by carrying out the reverse iso
tope dilution as described here, co-precipitation can easily be detected; then 
a- + a- will exceed O j^ . 

In generd, the resdts of this method can be influenced by« 

(1) the D-amino acid content of the L-amlno add that is to be tritlated; 

(2) radlochemlcd Impurities in the labelled amino acids; 

(3) chemlcd and opticd impurities in the inactive D-, L- and Ud-smino acldu 

used in the isotope dilution; 

(4) incoiq>lete separation of the «lantiomers ity the ciystdllzation procedure; 

(5) the accuracy of the dilution and counting procedure. 

The canbined influence of factors (2), (3), (4) and (5) is reflected in the 

deviation of the expression» 100(ajj + \ ) / i ^ f™" 100. Errors caused by fac

tors (2), (3) and (4) tend to make this sum higher than 100. By far, the 

largest uncertdntles eo?e caused by factor (1). 

A number of pure L-amlno adds were tritlated by the Wilzbach method, next 

purified and, findly, the amount of activity in the D-enantiomer was deter

mined. The resdts are given in Table 3. 
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Table 3 Resdts of the reverse dilution andys is , with estimated maximum 

deviations 

amino a d d 
t r i t l a t ed 

L-phenyldanine 

0-phenyldadne 

L-tyroslne 
( f i r s t exp.) 

(second exp.) 

L-proline 

D-prdine 

L-glutamlc acid 

L - d a d n e 
( f i r s t sxp.) 

L-danlne 
(second exp. ) 

L - d a d n e 
(third exp.) 

L-vdlne 

t r iUa t lon 
time 

(days) 

8 

8 

8 

8 

8 

8 

8 

8 

8 

1 

8 

carrier added 

DL-phenyldanine 
L-phenyldadne 
D-phenyldanlne 

DL-phenyldadne 
L-phenyldadne 
D-phenyldanine 

DL-tyroslne 
L-1yroslne 
D-tyrosine 

DL-tyrosine 
L-tyrosine 
D-tyroslne 

DL-proline 
L-prollne 
D-prollne 

DL-proline 
L-prollne 
D-prollne 

IXi-glutamlc a d d 
L-glutamic a d d 
D-glutamlc acid 

DL-danine 
L-danlne 
D-danine 

DL-dadne 
L - d a d n e 
D-dadne 

DL-danine 
L - d a d n e 
D-danlne 

DL-vdine 
L-vdlne 
D-vdlne 

percentage of act ivi ty 

96.6 + 3 
2.7 + 0.5 

[MO] 
2.2 + 1 

97.5 + 3 
[100] 

96.3 + 3 
1.1 + 0.4 

[WO] 
95.9 + 3 
1.8 + 0.4 

[100] 
92.6 + 3 
4.6 + 1 

[100] " 
4.0 + 1 

97.1 + 3 

88.9 + 3 
11.9 + 1 

78.5 + 3 
33,3 + 2 ' 

[100] 
76.5 + 3 
23.0 + 2 

[300] ~ 
75.8 + 3 ] 
23.7 + 2 i 

[100] 
95.4 + 2 
4.2 + 0.5 

Î 99.3 

1 99.7 

1 97.4 

97.7 

97.2 

101.1 1 

100.8 

97.8 

99.5 

99.5 

99.6 
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2.2. Distribution of tritium in danlne etnd vdlne 

To determine the degree of Inversion that accompades the substitution of 

a hydrogen atom by a tritium atom, it is necessary to determine the radio

activity present on the ot-dte both of the D- and the L-andno acid. Tds was 

done for dadne-'^ euid vdine-Tl. After determination of the radioactivity 

present in the L- and D-amino acid by a reverse isotope dilution method, these 

pure L- euid D-adds were racemized by heating them with a mixture of acetic 

acid and acetic anhydride, following the procedure given by Greenstein and 

Widtz®^. 

The proton exchange at the a-slte proceeds via the intermediate 5-oxazolane, 

after acetylatlon of the amino acid« 

H JO H ^0 
R - C - C ^ R - C - C ^ 

B« ' H - N ( f. t = i BH* + N ^ ^ 0 + O H 

r 1̂ 
CH_ CH, 

Under the influence of a weak base, 5-oxazolone splits off its proton at the 

asymmetric carbon atom, due to the stabilization of the formed adon. 

After this exchange procedure, and removd of the solvent, the acylandno 

acid weis purified by crystdllzation and the specific radioactivity measured. 
9) 

For vd lne , i t was proved by Cra*4idl and Smyth ' that t d s procedure r e 
moved d l the radioactivity at the a-positlon; moreover, hydrogen atoms in 
groiQ) R do not exchange under these condt iens . 

For danlne , we proved the same by refluxing inactive L-deuiine with 
acetic a d d and acetic anhydride. The acetic a d d was labelled with tritium in 
the -COCH group. The ace ty ldadne formed was hydrolyzed with HCl, and the 
a ladne purified and measured. The specific activity found was 0.37 M-Ci/milli-
mol. I f ody the oc-hydrogen had exchanged with tritium, the specific activity 
shodd have been 0.39 P-Clj^llimol; the difference between both figures l i e s 
well wi tdn the experimentd error. 

The r e s d t s of our determination of the tritium distribution in l abd led 
D- and L-vdlne euid D- and L - d a d n e are presented in Table 4 . All figures are 
given as a percentage of the t o t d activity present in D- and L-affilno acid. 
From th is table i t can be seen that tritium l abd l ing of L - d a d n e and L-vdine 
caused 20 and 30 % inversion, respectively. 
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Table 4 Distribution of tritium in vd lne and d a d n e 

amino acid 
t r i t l a t ed 

L-vdine 

f^^^CHCHNHgCOOH 

L-danine 

CKjŒNHgCOCH 

added 

Ell-vdlne 

L-vdlne 

D-vdine 

DL-dadne 

L - d a d n e 

D-dadne 

percenteige of 
^ - a c t i v i t y 

[100] 

95.4 , 

4.2 ^ ^ - ^ 

[WO] 

78.5 

19.3 5 ^ - ^ 

percentage of 
%-act ivi ty 
remddng af
te r removd 
of a-H 

79.8 
77.5 , 
2.4 ^ '^^'^ 

44.8 

36.4 

8.9 J ' ^ - ^ 

percenteige of 
"Tl-activity 
in a-H 

20.2 

17.9 , ' 
1.8 i « - - ^ 

55.2 
42.1 
10.4 J 52.5 

2.3. Formation of hydrogenated amino acids 

In the aromatic amino adds that were tritlated, possible radiochemicd 

impurities mig^t consist of hydrogenated products. To check this eissumption for 

phsnyldanlne and tyrosine, hexahydro-ß- phenyldadne euid hexahydrotyrosine 

were prepeo^ed as reference substances. By means of these reference substances, 

and through thin-layer chromatogre«>hy of the unpurifled tritlated amino acids 

in severd solvents, for phenyldadne eis well as for tsrroslne, presence of a 

large amount of the corresponding radioactive hydrogenated amino acid codd be 

proved. Figures 1-4 give four radiochromatograms from tritlated, ur^mrlfled 

tyrosine. For each of the four solvents used, a radioactive peak coincided with 

the peak of hexahydrotyrosine. The absence codd be proved of radioactive ß-

cydohexyldanine; this compound'might have been formed by simdtaneous hydro

génation of the aromatic nucleus and substitution of the hydroxyl group. 

For phenyldanine, presence of hexahydro-ß-phenyldemine weus proved by 

two-dimensiond thin-layer chromatogre^hy. A radiochemicd impurity, eussumed 

to be hexahydro-ß-phenyldadne, weis isolated from a preparative chrcmatogram . 

of unpurifled phenyldanine by dution with water. p-Cydohexyldanine weus ' 

eidded as a carrier and a two-dimensiond tdn-layer ähromatogram weus made, ̂ e 

plate weus sprayed with ninhydrin reagent. Only one coloured spot was vidble; 

it coincided with the radioactive spot. 
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tert butykjlcodol 2 
methyletnylketonc 2 
water 1 

F)g 4 25 cm 

Figs 1 - 4 . Radiochromatograms of Igrroslne, t r i t l a t ed by the 
Wllzbaah method 
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C H A P T E R 3 

WHZBACH TRUIÄEION OP CCHïnCOrROPIN (a -ACTH) 

To get more Insight into the practlod problem of obtddng a radioohemio-

dly pure "Wili'baoh labelled" peptide, we thought it wodd be usefd to carry 

out a Wilzbach labelling of a naturdly occurring peptide hormone. After remov-

d of radioactive fragmentation and polymerization products, we have thus tried 

to prove the presence of important radiochemicd lnqjurities of about the same 

molecular vieight ('«4500) as corticotropin has itsdf. Corticotropin was chosen 

as a model confound, because it was avdlable to us in a rather pure form. 

Moreover, if a reasonable product codd be obtdned, severd applications would 

then be feasible. 

3.1. Outline of procedure I 

3.1.1. Tritiation and purification 

A sanple of naturd pig corticotropin, m d d y consisting of the A., A» and 
1) 

A_ fractions obtdned by De Jager et d . ', remdned in contact with 3 Ci of 

tritium gas during 8 days. After this time, labile bound tritium atoms were re

moved by dissolving the sample In a large excess of water. The water was re

moved by vacuum evaporation at room temperature. 

The normd procedure, after a Wilzbach tritiation, is a purification by 

ohrcanatography. The product is then assumed to be radioohemicdly pore if the 

peak of the desired materid contains d l radioactivity. This is a necessaiy, 

but not a sufficient, condition for radiochemicd purity. Radlochemlcd impur

ities can be present due to racemization, isomerizatlon and hydrogénation eu:id 

little is known about the effectiveness of chromatographic methods in the sep

aration of these very closely related molecules with high molecdar weights. 

Cleeirly, the possible presence of a considerable amount of radioactivity in, 

for instance, dieistereoisomeric or hydrogenated forms of the labdled peptide 

might reduce the vdue of a biologicd tracer substeuice very serloudy. We 

chose a purification by means of a Sephadex column. We redized that such a é 

purification codd resdt in removd of fragmentation and polymerization prod

ucts. We supposed that radlochemlcd impurities caused by racemization, hydro

génation and isomerizatlon - reactions giving molecdes with about the same 

molecdar weight as corticotropin - were not llkdy to be removed. It was 

hoped that the presence or absence of these molecdes codd be seen more 

clearly after a partid hydrolyds as is described bdow, in 3.1.2. The radio

chemicd purity of the product after purification over Sephadex was evduated 

by electrophoresis on cdldose acetate, followed by autoradiography. 
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3.1.2. Partid hydrolysis of tritlated corticotropin 

It seemed reasonable to expect that at least some of the smaller peptides, 

resdting from possible radiochemicd incjurities in our tritlated corticotro

pin, wodd differ enough from tJie peptides obtedned from corticotropin itsdf 

to enable a chromatographic and/or electrophoretlc separation. By making a pep

tide map of the hydrolysate, and an autoreidiogram of tds map, spots on the 

autoradiogram not corresponding to a spot on the peptide map after chemlcd de

tection, very probably wodd have to be attributed to radiochemicd impurities. 

Partid hydrolysis of corticotropin was accomplished by use of HCl, and by 

using trypsin . The m d n component of the materid that had been tritlated by 
us was found to consist of a -ACTH (corticotropin A, ß-corticotropln, ACTH-A^). 

The amino acid sequence of this component is as follows« 

' H-ser-tyr-ser-met-glu-hls-phe-arg-l try-gly-lys-pro-vd-gly-lys-| lys-'rarg-'rarg-
1 2 3 4 5 6 7 8 ' 9 10 1 1 1 2 13 14 1 5 ' 1 6 ' 1 7 ' 1 B 

pro-vd-lys-|vd-tyr-pro-esp-851y-da-glu-asp-glu-leu-da-glu-da-phe-pro-leu-
1 9 2 0 2 1 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 1 5 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 

glu-phe-CH ^ 
38 39 

Indicated are the cleavages by trypsin; the dotted lines designate minor cleav-
=2) 

3.2. Resdts 

Our resdts were obtdned with two different batches of purified pig cor

ticotropin. Indicated here by numbers 1 and 2 (donated by N.V. Organon, Nether

lands). Batch 2 was found to be more extensively purified than Batch 1. 

Both batches had been tritlated, and were next purified, in the same way. 

After purification. Batch 1 was partldly hydrolyzed by HCl, Batch 2 tgr tryp

sin. The resdts are given in Figures 5 - 10. 

Figure 5 shows« 

(a) an eleotropherogram of udabelled corticotropin (Batch 1); 

^ (b) an eleotropherogram of tritlated corticotropin (Batch 1) before purifica-

tlonj 

(c) an autoradiogram of eleotropherogram (b); 

(d) an eleotropherogram of tritlated corticotropin (Batch 1) after purification 

over Sephadex G-50 (materid of the m d n peak. Indicated in Fig. 7 a); 

(e) an autoradiogram of eleotropherogram (d). 
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Figure 6 shows« 

(a) an eleotropherogram of udabdled corticotropin (Batch 2); 

(b) an eleotropherogram of tritlated corticotropin (Batch 2) after purifica

tion over Sephadex G-50 (materid of the mdn peak, indicated in Figure 

7 b); 

(c) an autoradiogram of eleotropherogram (b). 

After purification of udabdled corticotropin (Batch 2) over a Sephadex 

G-50 column, ein dectropherogram weis obtdned that was exactly Identicd (by 

chemlcd detection) with that of labelled corticotropin eufter purification 

(Figure 6 b). 

Figure 7 shows the purification of corticotropin (Batches 1 and 2) over 

a Sephadex Q-50 column. Electropherograms and autoradiograms were made from 

the materid of the mdn peaks (5 d, 5 e, 6 b, 6 c). 

Figure 8 shows an autoradiogram of the peptide map from the add hydro

lysate of corticotropin (Batch 2). Indicated are the spots that- codd be de

tected by spraying with ninhydrin reagent, or by means of dtraviolet light. 

Figure W a is a photogre^ of this peptide map. 

Fig. 9 is an autoradiogram of the peptide map from the trypsin hydro

lysate of corticotropin (Batch 2). Agdn, the spots that codd be detected 

by ninhydrin, or by U.V., are indicated. Figure 10 b.is a photograph of the 

corresponding peptide map. The peptide map of the trypsin hydrdysate of un-

labdled corticotropin, purified over Sepheuiex, was found to be identicd 

with the peptide me« given in Figure W b. 

From Figure 7 it will be dear dready that our labelled and udabdled 

materid in the main peak behaved at leeust partldly different; Figures 8 

and 9 show that a substemtid amount of the radloactivHy. present on ttoe. 

peptide maps, does not coincide with chemicdly detecteible spots. A minimum 

estimate for the amount of radioactivity not attributable to a oheanlodly 

detectable spot for the add hydrolysate, is about 40 ̂  of the totd activity 

present in these spots. 
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a! electropherograjn of unlabelled corticotropin (Batch 1) 
bs eleotropherogram of tritlated corticotropin 
Ol autoradiogram of eleotropherogram b 
d« eleotropherogram of tritlated, purified corticotropin 
e I autoreidiogram of eleotropherogram d 

• I.-

•0-

»1». 

Vlg. 6 a b o 

at eleotropherogram of unlabelled oortlootropln (Batch 2) 
b: eleotropherogram of tritlated, purified corticotropin 
c« autoradiogram of eleotropherogram b 
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7 a and b Purification of corticotropin (Batches 1 and 2) 
over Sephadex G-50 

X - X - X Elution of radloaotlvity 
. - . - . Elution of corticotropin 
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Pig. 8 Autoradiogram of the "peptide map", obtained after partial, 
acid hydrolysis of labelled, purified corticotropin. Indicated 
Eire the spots that could be detected with ninhydrin reagent, 
or by U.V. 
(contact print of the orlgind autoradiogram) 
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Pig. 9 Autoradiogram of the peptide map, obtdned after partid 
hydrolysis.(by trypsin) of labelled, purified corticotropin. 
Indicated are the spots that could be detected with dnhydrin 
reagent, or by U.V. 
(contact print of the orlgind autoradiogram) 
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Fig. 10 a 

Peptide map of the 
acid hydrolysate of 
corticotropin 

' «leotrophoresls 

chromatography 

Fig. 10 b 

Peptide map of the 
trypsin hydrolysate 
of corticotropih 

electrophoresis 
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C H A P T E R 4 

DISCUSSION OP RESULTS 

4.1. Resdts obtdned with amino acids 

4.1.3. Mechadsm of racendzation and hydrogénation processes 

For amino acids we have demonstrated that the Wilzbach method causes for

mation of labdled racemized and hydrogenated products. Especidly hydrogéna

tion is an importeuit process. As the purpose of this Investigation was purely 

practlod, we did not study the mechanism of these processes. From Cliapter 1 

it will be clear that mechadstic studies are very dlfflcdt. Even the reac

tions of solid glycine caused by Y-radiation are very complicated ', and it 

can be expected that the reaotions of other amino acids, under the Influence 

of radiation and in the presence of T., will be far more coî plicated. However, 

the question arises if a plausible explanation of the racemization and hydro

génation can be given. As to the racemizatian process, eaäh mechanism that we 

propose must serve to expldn the following facts« 

(1) The opticd rotation of L-danine before and after the Irradiation is 

practlcdly the same. 

(2) The percentage of activity found in D-dadne after Wilzbach tritiation of 

L-danlne is independent of the reaction time. 

(3) When, after exposui>e of pure L-danlne and L-vdine to T^, the activity 

distribution in the resdting labelled L- and D-demlne and L- and D-va-

line was determined, in D-danlne-^ the tritium was found to be distrib

uted roug^y in a 1 : 1 ratio over the dpha place and the GH,-group; in 

D-vdlne-'^ a similar ratio weus found for the distribution of tritium over 

the dpha place and the -^CH-group. 
CH<K 

(4) The Inverdon in L-vdine is less than in L-dadne. 

The first two facts exdude the possibility that D-danlne-% Is formed 

by a qdck racemization of L-deoiina under the Influence of Intense beta-radi

ation acooiQ>aded by a much slower substitution of hydrogen by tritium. So it 

seems probable that the racemization is oenised fay the labelling process. Fur

ther evidence for tds mechadsm comes from observation (3)t the possibility 

that a mdeode D-dadne-^, labelled on the a-plaoe. Is labdled in the GH,-

group In a second. Independent labdling process, is negligible, as with the 

•btdned specific activities only about one out of every SOjOOO dadne molec

des consists of D-dadne-%. So it is likely, that In the racemization proo-

cess two tritium atoms are introduced (neeurly) slmdtaneoudy into the mdeo

de. 
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The numerous dectron spin resonance studies of irradiated amino acids, 

performed in the last ten years, give ody information about steüjle radicds 
Z) 

in the crystd. We mention the studies of Miyagawa and Goräy ' and Miyagawa 

and Itoh-̂ ' about Irreullated danlne and the publication of Shidds about ir-
iL) 

radiated vdines '. In dadne, the stable radlcd CH-CHCOO , and, in vdlne, 

the radlcd (CH_)2ÇCH(HH_)'*'C00" were Identified. These radicds, formed at 

room temperature, are the find products of a chain of events, involving sev

erd Intermediate species. Even ESR-studies of amino adds irradiated at low 

temperatures ody give information about relatively stable radicds. For L-

dadne irradiated at 80 K, a radlcd weis found with the unpdred electron 

locdisied mainly on the carboxylgroup''̂ ', wdle for DL-vdlne at tds tempera

ture the Inltld radlcd seems to be (CH,)„CHCHC0O~ ' . Electron spin res

onance studies of 'll-labelled solid amino adds , and of amino acids exposed 
o\ 

to thermd hydrogen atoms , show that, generdly, under these conditions, 

the same stable radicds a re formed as by X-ray or y - ray irradiation. It is 

obvious that reactions of these stable radicds cannot account for the label

ling pattern of dadne and vdlne. 

We suppose that under the influence of -üie tritium beta-radiation the 

most important primary chemlcd process will be a rather indscriminate proc-

ess of C-H-bond ruptiu«̂ ''. The totd hemolytic dissociation energy for this 

bond rwpture will consist of two parts« the bond dssociation energy and the 

sepeo'ation energy of the two radicds R' and H'. Ihe contribution of the sep

aration energy to the totd dissodatlon energy will be smdl; the motion of 

the hydrogen atom is not severely restricted in a crystd lattice. So a num

ber of reactive radicds will be formed by C-H-bond rupture« 

RH* -» 'R* + "H* 

The *R* radlcd has an excess vlbratlond energy, the H-atom an excess trans-

latlontd energy. Quite a tnmiber of reactions aire possible for the 'R*radlcdi 

recoinblnatian, dlsproportionatlan, Intramdeodar hydrogen transfer to at

tain the energeticdly most favourable structure, or intermolecdar hydrogen 

transfer. Coinblnation of R' with H* or T' will be a far more importeuit proc

ess them combination of two large R* radicds. The reorientation necessary 

for this last process will be energeticdly moire unfavourable than dlspropor-

tlonation, «here ody a hydrogen sdft is necessary, or than combination' with 

a hydiragen atom. It is llkdy that, in the spurs of the beta-rays, 'the radic-

d densi'ty is hl{^ enough for dlsproportiona'tian reactions. (The to-td number 

of deinlne mdecdes in an experiment is about 7 x 30^. About 1.5 x 10 

molecdes D-danine-'% are formed, liien each molecule D-dadne is labdled 

with two tritium atoms. We estimate the -totd energy dissipa'tlon in dadne -
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as 1 0 ^ eV. vath an estimated O-vdue of 1 for a •R(N^)COO" rad lcd th is 
means -that tibout 1 0 ^ of -these r a d i c d s are formed during the t o t d i r radia
tion time of 8 days. We sappoBe (see bdow) that D-deoiine-nl i s formed via a 
dlsproportionatlan reaction of *R(N[I.)COO~ r a d i c d s . So I t I s necessary to aa-
sume that severd per cent, of the *R(NHt)COO'' r a d i c d s react via dlspropor
tlonatlon reactions. This i s possible only liien the primary rad lods are formed 
in clusters, eis I s generdly assumed.) 

Conduding, we eussume that the fdlowlng reactions of L-danlne under 
Wilzbach-oondltlcms lead -to l abd led d a d n e t 

(1) danlne ' \ / \ /* •C^CH(NKj)*COO" - H - j . CHgTCH(liL)'*'COO" 

(2) danlne /x/v* cajC(HL)*COO" • ^ ' > CBLOT(lH,)'̂ COO' 

(3) danlne / v > ^ aLC(HH-)''"COO" > CB̂ .i<J{NsC)COO" ' 

T 
CH^(NH,)"*'COO" / O ê ^ CB2TCT(NH_)"*'C00' 

The r ad lods •a^CH(IBI,)*O00' and CHjC(l«,)*C0O" may be formed directly or by 
Intramolecdar and In-temdeodar taydrogeni dlspleusenents. 

We suppose that In the orys td l a t t i ce racemization by retMtlon (2) i s 
not very important. In reaotlnt (3), dlsproportlanatlan leading to the unsat
urated in-tennedlate i s not only possible between two CH-C(liI.) 000~ radlods» 
but d s o between two *aigCH(NH.)'*'COO' r a d i c d s or between a 'CBg(ai(NEI-)'''000~ 
and a CH-C(NH-)'''COO~ r a d l o d . In reaction (3), GÎ i>C(KÎ )'''COO~, once farmed, 
readily takes up t r i t ium. We siqipose t h i s , because I t i s known -that -tri-tlum 
adds qdckly -to double boids. This rcusemlzation mechanlBa exgltlos the even 
distribution of tritium In D-danlne and D-vdine over the O-plaoe and the 

r e s t of the mdeode . The meohadsm of the addition of T- to a double bond 
M) under -the Influence of I t s own radiation i s s t i l l rather obscure. Pang ' 

found, for the addition of 'tri'tlum -to dea-te, 60 ^ peoi^dpatlon of tritium 

ion molecdes and 40 fi par t ldpat lon by tritium r a d l o d s . Hsrstrom ^ found 

evld«ioe tor a fr-ee r ad l cd process in severd unsaturated systems. We have \ 
postdated In reaction (3) a meohadsm whn^by T« adds to em aotlva'ted double 

bond. 

The faot 'that the percentage of D - d a d n e - ^ does not depend on the I r r a -

dla-tlon time suggests tha t . In the dus-ters of prinwiy r a d l o d s , a constant 

fraotlon of these r a d i c d s reacts by dlsproportlona'tloa. 

For v d l n e , a similar säheme can be drawn. 'BOB reactions under (3) are 

then relat ively less .liqiortemt. because in rsaetlon (1) the r a d i c d s 

((XL )̂2ÇC|I(NEI-)'̂ C00~ as well as *CH2(CH,)CB-(ai(Na,)'̂ 000~ play a ro l e . 
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We emphasize that 'the mechadsm suggested here for the racemization proc

ess is only a plausible one; other mechanisms are feeusible. If it codd be 

proved that in D-danine-'% two tritium a-toms are located in each labdled 

molecde, -this wodd provide strong support to 'the proposed mechadsm. As to 

'tds latter question, one cem oxidize danlne with ninhydrin without loss of 
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tritiimi from the a-place •'. The read •ting acetddehyde can be analyzed by 

meuss spectrometry. By choosing s d table experimentd conditions, D-dadne may 

be Isolated with sufficiently d g h specific activity to detect the presence of 

(30;c^ in the meiss spectrum of acetddehyde. [0.10 % of the Pt4 mass peak 

of labelled acetddehyde may be determined*^'; we -tdnk it is possible to iso

late labelled acetddehyde with about 1 $̂  of its molecdes doubly labdled.] 

Wl'th regard to the mechadsm of the hyd3?ogenation of phenyldanine and 

tyrosine under Wilzbach conditions, we have found a large amoimt of tritium 

in products -that behaved chroma'tograpMcdly like hexahydrophenyldadne and 

hexahydrotyrosine. As we may expect that the chromatograpdc behaviour of 

peurtidly hydrogenated products does not differ very much from that of the 

fdly hydrogenated compounds ', it is possible that both fdly and/or par

tldly hydrogenated, labdled products were present. [After Wilzbach tritla-
171 

tlon of polynucleeu? aroma'tic hydrocarbons, Lijinski and Garcia ' found sev
erd partldly hydrogenated products (di- and tetrahydro reduction products) of 
high specific activity.] 

The Initiating reaction« 

seems very probeible ' ' . Disproportionation and combination reactions of 

t h i s r ad l cd can lead to p a r t l d l y hydrogenated products« 

Disproportiona
tion « 

Combination 

T T> 
H H ' 

•f 
H H'' 

J 
•H 

H 

^ 

X ^ ^ 

T ' 
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Once formed, the partldly hydrogenated products may be further hydrogenated 

by sindlar processes. Direct eiddtion of T_ to activated aromatic nuclei may 

d s o play a role. 

4.1.2. Practlod ImplicationE of resdts obtdned wl'th amino acids 

Prom our results, and 'those of Evans , we condude that partid racemi' 

zaticxi is a common phenomenon during -the Wilzbach tritiation of amino adds. 

Moreover, d l other studies deding with racemization of o'ther •hypes of com

pounds indicate that partid Inversion during the labelling procedure is a 

generd process. Obviously, this is a disadvantage of the Wilzbach method. 

For simple subs-tances this disadvanteige is mostly not insurmountable. A more 

serious dsadvantage is the large amount of activity incorpora-ted in hydro

genated products. This easy (partid) saturation of phenylgroups was rather 

unexpected. In our opinion, the vdue of the Wilzbach method is restricted to 

a number of rdatively simple corapoimds for »*iich labelling by other metdiods 

is laborious. A good example of such a compound is L-proline, lAiich cannot be 

labelled satisfactorily wl'th tritium by 'the common process of catalyzed ex

change in sdutlon. High specific activities can be obtdned with -the Wilz

bach method; moreover, the labdled proline contdns surprisingly little 

radlochemlcd impurities and is easy to purify. 

4.2. Resdts obtdned with corticotropin 

The essence of our experiments carried out with ACTH was to detect tAieth-

er any difference between -the chemlcd and radiochemicd behaviour of peptide 

molecdes, trltiated by -the Wilzbach method, codd be found. After removd of 

reulioactive fragmentation and polymerization products by Sephadex fll'tration 

(Figs 7a and 7b, Chapter 3) , products were obtdned nhich appeared radioohem

icdly pure by em electrophoretlc criterion. These products were partldly 

hydrolyzed, and peptide maps were made of the hydrolysa-tes. Autoredlograms of 

these peptide maps reveded that a substan-tid amount of the radioactivity did 

not coincide with chemicdly detectable spots (Figs 8 and 9, Chapter 3 ) . Ob

viously, radiochemicd impurities were present in the purified product with 

about the same molecdar weifet eus cortioctropin itsdf. 

The experimentd procedure used does not give any detdls about the type 

of in^nxrities that were present. To assume that at least part of -these ispur-

itles are caused by racemization and hydrogena-tion processes seons reeusonable. 

Compared with amino adds, -the picture may be coniplicated by molecdar re-

eurrangements. Our conclusion is -that -the Wilzbach method is not sdted -to ob

t d n labelled peptides and proteins of known radiochemicd purity. Resdts, 

obtedned in the past with Wilzbach labdled pep-tides and pro-teins, may be 
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considerably in error due -to -the presence of reuliochemlcd impurities. 
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C H A P T E R 5 

EXPERIMBKAL PART 

5 . 1 . Eicperiments relat ing to CSiapter 2 

5 . 1 . 1 . Materlds used 

The amino acids used (L-, D- and ISi-forms) were obtdned from Fluka 

(purlss. qudi ty) except D-, L- and DL-proline and D-, L- and DL-danine; 

-these were obtained from Cdbiochem (puriss. qudi-ty). The op t icd puri-ty of 

-the amino acids was checked by determination of -the op t i cd rotat ion. 

L-phenyldemlne i [a ] 

D-phenyl d a d n e « [a ], 

24 
D 
24 

33.2 , c - 1 - 2 in water 

» + 35.7 , c « 0.8 - 2.2 in water 

L-tyroslne 

D-tyrosine 

[«]: 

[al 

20 
D 
20 

«[«]f 
' [«]? 

L-proline 

D-proline 

r -i24 

L-glutamlc acid « [a ] ^ 

D-glutandc acid « [a ]p 

. - 8.8°, c « 4.44 

. + 7.8°, c - 3.59 

- - 83.6°, c - 1 

= + 82.9°, c - 1 

. + 31.7°, c - 2.7 

- - 31.6°, o . 2.7 

L-danlne 

D - d a d n e 

L-vdine 

D-vdine 

t [a]^-5 - + 14.4°. c-5 

«[a]^'5--l4.3°, c-5 

:[«]: 

«[«] 
D 
21 

- + 28.5°, c - 3 

- - 29.3°, 0 - 3 

in 6.3 N HCl 

in 6.3 N H a 

in water 

in water 

in 1.73 N HCl 

in 1,73 N HCl 

in 1 N HCl 

in 1 N HCl 

in 6 NHCa 

in 6 N HCl 

(o » grams of solute per 100 ml of solvent) 

The opticd purity of L-phenyldemlne, L-tyroslne, L-glutandc acid and L-

vdine was dso checked by enzymatic andysis wl-th L-amino-oxidase. This and

ysis indicated a D-amlno acid content of L-vdine and L-phenyldadne of less 

-than 0.5 ̂ , L-tyroslne was completely digested; 4.1 ̂  L-glutamic acid was found 

after -the digestion. In a separate,Identicd check e:Q)eriment with an optiodly 

very pure stemdard sample of L-glutamic acid, 4.1 $̂  of -tds s-tandard sample was 

dso not digested in -the reaction time chosen. The amino acids were used wl-th-

out fürther purification; they were all ohromatographiodly homogeneous. 
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5.1.2 . Exposure to tritiimi gem 

Sq>osure to tr i t ium gem wem performed in an ^para tus tAiose essence had 
been described by Wenzd ' ; i t i s shown in Figure 11. We used a modlflca-tlon, 
in lAiich the tiradum tube was replaced by an an^jode f i l led wi-th molecdar 

sieve, type 4 A. The -tri-tium gas can e a d l y be stored in -this molecdar sieve 
2) for short periods, and, i f necessary, removed by sed ing -the ampode ' . The 

tritium gem had been obtained ft-om the Radiochemicd Centre, Amersham, in 3 C 
portions. Die isotoplc purity of -the gem was about 98 ^, i t s volume 1.2 ml at 

N.T.P. Each 3 C portion of -the gas wem used ody two or, at most, three times. 

About 100 mg of -the f indy powdered, and -thoroughly ou-tgassed, amino acid was 

exposed for 7 - 8 days to 3 0 tritium gas, a t a pressure of about 20 cm Hg, at 
room temperature. 

5 .1 .3 . Purification of labelled amino adds 

To remove labi le botmd tritium atoms, -the labd led substances were d is -

sdved in a leurge excess of water (for -tyrosine, f i r s t experiment, 6 N HC3. was 

used). The sdvent was removed under vacuum. To each of the l abd led L-andno 

acids, an exactly equd portion of -the corresponding inactive D-amino acid was 

added (for tyrodne , 1st experiment« D--tyrosine-HCl) and to each of -the label

led D-amlno acids an exactly equd amount of Inac-tive L-amlno a d d . The prod

ucts so obtdned were c iys td l ized as follows« 

Rienyldadne « 4 x from ethanol-water 
Tyrosine « 1st exp.« 1 x from 6 N HCl, 3 x from water 

2nd exp.« 2 x from water 
Proline « 1 x from ethanol-e-ther 
Glutamic acid « 6 x from water 

Alanine t 2 x from ethemol-water 

Vdlne t 4 X from e-themol-water 

After c rys td l lza t ion , the labelled amino acids were ptu-ified further by 
preparative thin-layer chromatography. Thin-layer plates (20 x 30 cm) wi-th 
s i l i ca gel H were prepea>ed (thickness 1 mm) and dried o v e m i ^ t , -then 1 h at 
110 °C. Per plate , 5 mg of an amino acid was dosed in a band. HSie amino a d d 
was dissolved in 0.5 ml of water, or, for tyrosine, in 0.5 d I N HCl. Chro-
matograms were developed wl'th butand/acetic add/water 3 * 1 ( 1 * and then 
dried at a tenperature of at leas t 50 °C. The distribution of radioacti-vlty 
over -the chrcmatogram wem determined wl'th a Berthold scanner. The amino acids 
were removed by extracting the s i l i ca gel with hot water; -the water was removed 
under dimidshed pressure. For tyrosine, -the extraction was done wl-th 40 ml of 
hot water, acidified wi-th 5 ml 0.1 N HCl. As and y&ien necessary, -the isola-ted 
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products were chroma-tographed a second or a -third time. Depending on the yield, 

and on -the activities of -the amino acids, we started the first chromatograpdc 

purification wi-th 5 mg (dosed on one plate), or wi-th 10 mg (dosed on two pla

tes). In -tds latter procedure, -the extracts were added toge-ther after -the 

first chrcxta-togram had been made. L-glutamic a d d was purified o d y by crystd

llzation from water, as we had -the impression -that purification over SiO- caus

ed additiond impin?ities. Radiochemicd purities of -the find products were 

better than 99 ^ ; except for D-phenyldanlne (99 Ŝ ) ^nd t o r L-glutamio acid 

(97 ^ ) . These figures were estimated from the second or the tdrd preparative 

chrcmatogram, or from an andyticd -thin-layer or paper chrcmatogram. These 

paper and -tdn-layer chromatograms were d s o devdoped wi-th bu-temol/ace-tlc 

add/water 3 t 1 t 1 (ascending techdque; Wha-tman pe^er no. 1, or a silica g d 

H -thin-layer of 0.20 mm thickness). Radioactivity distriljutions on -the andyt-

led paper chromatograms were detemdned by cutting -the paper in pieces of -| ^ B 

cm, and counting in a liqdd scintillation counter (5.1.7.). From -the -thin-

layer plate, -the silica g d wem removed in beinds of ^ cm, and -the ac-tivi-ty of 

each beind was counted (5.1.r.). 

We did not measure -the precise specific activities of the undiluted, la

bdled amino acids. The tritia-ted amino acids were considered pure o d y after 

chroma-tographic purification and were -then immedlatdy diluted wi-th-carrier. 

The yield of -this purification was not determined, and, as a consequence, -the 

dilution factor was not known exac-tly. l i i e specific activities of -the Impure 

substances, however, were known from determination by liquid scin-tllla-tion 

counting, see 5.1.7., and based on -the purities determined from -the radio

chromatograms, -the specific acti-rities of -the pure amino acids were es-timated. 

The resdts are given in Table 5. 

Table 5 Specific activities of some tri-tiated amino acids, leüselled by -the 
Wilzbach me-thod. EStposure time 8 days, wl'th 3 Ci T-

amino acid 

L - d a d n e 
(exposure 1 day) 

L - d a n i n e 

L - v d i n e 

L-pro l ine 

L-phenyldemine 

L-glutamlc a d d 

spec , a c t i v i t y 
(HCi/mg) 

7 

60 

51 

148 

91 

zr 
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5*1 .4 . Reverse d l u t i o n a n d y s i s 

The amino a c i d s , o b t d n e d a f t e r -the pur i f iea- t ion, were dissolved i n about 

6 ml of wate r . For t y r o s i n e , 0 . 1 N HCl wem used . I f necessary , t h i s solu-tion 

was f i l t e r e d over a G-3 g l a s s f i l t e r and -then divided i n -three por t ions of 

about 2 ml . These -three po r t ions were weighed, and a weighed amount of r e spec 

t i v d y L- , D- and DL-amino acid was added as a c a r r i e r (about 200 mg; for p r o 

l i n e about 300 mg). The , f rac t ions were c r y s t d l i z e d t i l l -the sum of the spécif

i e a c t i v i t i e s (cor rec ted for d i g h - t l y d i f f e r e n t d l u t i o n s ) of -the D- emd the L-

f r ac t lons was e q u d t o -the spec i f i c a c t i v i t y of -the ISi-fract ion; then -the f r a c 

t i o n wi-th -the lowest spec i f i c a c t i v i t y was c r y s t d l i z e d fu r the r -to prove i t s 

constant spec i f i c a c t i v i t y . Speci f ic a c t i v i t i e s were detemiined by l i q d d s e i n -

t i l l a t i o n counting ( 5 . 1 . 7 . ) , 

C r y s t d l l z a t i o n procedure« 

H i e n y l d a d n e « 3 - 5 x from e-thanol-water 

Tyrosine « 5 - 6 x from water 

Pro l ine « 12 x from absolute ethanol 

Glutamic acid « 6 x from water 

A l a d n e « 2 - 3 x from e-thanol-water 

V d l n e « 4 x from e-thanol-water 

Given i s -the number of c z y s t d l l z a t i o n s , necessary t o make the sum of the 

spec i f i c a c t i v i t i e s of t h e D- and -the L-fTaction approximatdy e q u d -to t he 

spec i f i c a c t i v i t y of -the DL-fract ion. 

The r e s d t s of t he reverse i s o t o p l c d l u t i o n a r e given i n Table 3 , Oiapter 

2 . 

5 . 1 . 5 . Determination of t r i t i u m dis t r ibu- t ion i n d a d n e and v d l n e 

Por t ions of 100 mg of r a d i o a c t i v e D-, L- and D L - d a d n e , r e s d t i n g from 

the r eve r se i s o t o p l c d i l u t i o n a n d y s i s , were bo i l ed for 10 minutes wi-th 2 .5 ml 

a c e t i c a d d and 0.24 ml a c e t i c anhydride. After c o d i n g , -the a c e t i c a d d wem 

removed under vacuum a t a temperature of 40 °C. When -the a c e t y l d a d n e wem 

dry , wa-ter wem added and removed wader vacuum. T d s was i-epeated four -times. 

Benzene was added and d i s t i l l e d off under vacuum t o remove -the l a s t t r a c e s of 

wate r . The r e s idue was pu r i f i ed by c r y s t d l l z a t i o n from ace tone . Yields« 70 -

77 SÉ. The sangles were covmted i n a l i q u i d s c i n t i l l a t i o n coun te r . The r e s d t s 

a re given i n Table 4 , Chapter 2 . To e s t a d i s h »diether trea'tment with a c e t i c 

ac id and a c e t i c anhydride did not remove r a d i o a c t i v i t y from the CH--group of 

d a d n e , a reversed exchange was ca r r i ed o u t . Radioact ive a c e t i c a d d (Œ^COOT) 

was made by trea-tment of a c e t i c anhydride wi-th HTO. Acetic anhydride (May and 

Baker, p .a) was doubly fï-actionated over sodium ace ta te -^ ' . The a c e t i c ac id 
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content, as Judged by 1#1R, wem less than 0.5 ^. The anhydride (102.4 m m d ) 

was stirred wi-th HTO (102.4 mmol) for four hours at 40 °C; it was used after 

standing ano-ther 32 hours at room tooperature. Its absolute specific activity 

was determined in triplo and found to be 0.433 HCl/iimd. 82.4 mmol of -tds 

radloac-tlve acetic acid, 2.29 mmol L-dadne and 5.1 mmol acetic anhydride 

were used for an inverse exchange reaction, carried out in -the same manner as 

described for -the exchange of d a d n e - % . The totd amount of exchangeable 

hydrogen present was 4 x 2.29 + 82.44-91.6 milll-attaii, and -the -totd activ

ity 82.44 X 0.433 - 35.7 HCl. So the specific activity of the exchangeable 

hydrogen was 0.39 (iCi/kllli-atom. After isolation and purification, the 

acetyldanlne con-tained an activity of O.609 )lCi/inilllmol. The acetyldanlne 

was hydrolyzed ' by refluxing 100 mg for 2 hours with 4.5 ml 2 N HCl. T d s 

was removed under vacuum. Wa-ter wem added to -the residue and evaporated uader i 

vacuum (3 x ) . The reddue was -treated wl'th 2 N HCl and -the resdting d a d n e - ' 

HCl was counted, after drying, in a liqdd scintillation coun-ter. A ^edflc 

ac-tlvity of 0.37 (iClAimol wem found, corresponding wl-th -the exchange of only 

one hydrogen atom. 

Radioactive D-, L- and IX>-vdine, resd-ting from -the reverse isotopic 

dilution andysis, were diluted wi-th a two-fold amount of -the corresponding 

inemtive amino adds. About 1 mmol vdlne wem -then treated, in the same man

ner as described for danlne, with acetic acid (19 nnol) and acetic anhydride 

(36 mmol). The aaetylvdlne was crystdlized from water and -the ac-tlvity de

termined fay liqdd sdn-tillatlon counting. The resdts are given in Table 4, 

Cheypter 2. 

5.1.6. Detection of hydrcgena-ted products in -tritlated phenyldadne and 

tyrosine 

Hexahydrophenyldemlne and hexahydrctyrosine were prepared to sez^e as 

carriers, or as reference substances. 

Hexahydrophenyldadne. 206 mg IXi-phenyldadne was dissolved in 30 ml 

4 N NCI, and 237 mg PtOg added. Reduction wem carried out in a hydrogénation > 

apparatus, under stirring. After up-take of -the cdcdated amount of hydrogen, 

the solu-tion was filtered off and -the solvent evapora-ted under vacuum. The 

product wem crystdlized from 6 N HCl, yldd 38O mg. Andysis« C 51.8 %, 

H 9.1 ^ (theoretlcdly« C 52 ̂  H 8.9 ;£). O d y one spot was vldble after 

-thin-layer chroma-tography. (Solvent bu-temd-acetic acid-water 3 I 1 > 1' nin

hydrin detection.) 

Hexahydrotyrosine was prepared by reduction of L-tyrodne''-'. 1.68 g PtO« 

was suspended in 65 d HgO and reduced by H^. 2.38 g L-tyrodne was added, 

wi-th 4 ml 0.1 N NaCH. The reaction wem carried out in a hydrogénation appara-tus. 
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The to-td hydrogen up-take exceeded that cdcdated for the. formation of hexa

hydrotyrosine. A chromatogram of -the reaction mixture showed the presence of 

severd iiqpurities. The m d n impurity consisted of hexahydrophenyldadne. 12ml 

1 N HCl was added to -the reaction mixture. After eve^oration, 22 ml absolute 

e-thanol wem added and the solution saturated with dry H d . Next, 19 ml absolute 

e-thanol was added and -the solution refluxed for two hours. After evaporation of 

•the dcohol, -the residue was dried over KCH. T d s esteriflcation procedure was 

repeated two times. The residue was dissolved in 5 d H-O (cooled) and 3.3 g 

KgCO- was added at a tenperature of - 3 to - 0 °C. The solution was extracted 

with four portions (10 ml) of odd ether, -the ether was ronoved and -the reddue 

extracted five times wl'th 5 ml pen-tane. After evaporation of -the pentane, -the 

residue was crystdlized from o'ther and then from ethylacetate. The product had 

a mdting point of 76 - 76.5 °C (uncorrected). 

Ci 6l.5 %; H« 9.7 %; N« 6.4 ̂  (cdcdated« C« 6l.4 5«; H» 9.8 J6; Ns 6.5 % ) . 

15le ester was hydrolyzed by heating 48 mg for four hours wl'th 4 ml water 

at 95 C. After addition of 0.5 ltd HCl cone, -the solvent wem evsporated and 

•the residue dried over KOH under vacuum. The product was homogeneous em Judged 

by -öiin-layer chroma-togre^hy (butanol-acetic acid-water 3 • 1 « 1» ninhydrin de

tection) . 

C« 46.9; H« 8.1; N« 6.2 (cdcdated« C« 48.3; H« 8.05; H« 6.26) 

Seandng of -the preparative chromatograms of t r i t l a t ed phenyldemine r e 
veded an important radioactive peak, not detectable by dnhydrin. T d s impur-
i-ty was Isolated from the prepeu^atlve chroma-togram (5.1.3.) by elution wi-th 
wa-ter. After evaporation of -the water, the residue, m d d y Si0„, was ex-tracted 
wl'th ethanol. Hexahydrodadne was added, em a carrier , and a two-dimendond 
-tdn-layer chramatogram was made. About 50 |ig subs-tance was dosed on a -thin-
layer plate of 20 X 20 cm, wl-th a thickness of 0.25 mm. Devdopment in the f i r s t 
direction was done with pyridine/water/tert .amyldoohol 35 « 30 « 35. m about 
five hours. After drying, devdopment in -the second direction took place with 
butand-aoetic acid-water 3 « 1 t 1 in 4 | hours. After drying, -the aotivi-ty d is 
tribu-tion over the chrcmatogram was de-termined by seandng (5.1.7.)f and f i n d 
ly , -the plate wem sprayed wi-th dnhydrin reeigent. Ody one coloured spot wem 
v l d b l e , -tftiioh coincided exactly wl-th -the redloactlve spot. 

For tyrodne, four one-dmensiond chromatograms were made wi-th four dif
ferent solvents. Tyrosine--^ (not purified, ody labi le -Tl-atoms removed) wem 
ehroma'tographed on -tdn-layer plates (s i l ica g d H, 20 x 30 cm, thickness 0.25m») 
with -tyrosine eind hexahydrotyrosine as reference substances. In most experiments 
spots of 2 (U. were applied, cdn-tddng 20|J.g of the substance. 
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The solvents used were« 

(1) t-butanol-methylethylketon-water 2 t 2 « 1; 

(2) propanol-water 20 « 9s 

(3) methylethylketon-pyridine-water-acetic a d d 10 « 35 t 15 « 2; 
(4) butanol-water-acetic a d d 3 « 1 « 1. 

Devdopment times« about 20 hours; ohemiod detection by spraying wi-th dnhy

drin reagent; radioactive detection by seandng (see 5 .1 .7 . ) . The r e s d t s are 

given in Chuter 2, Figures 1, 2, 3 and 4 . 

5 .1.7. Radioactivity measurements 

The amino acids were measured by dissolving 0.5 - 2 mg of -the acid in 

1 ml of a hyamine hydroxide 1.0 M solution in me-thanol (purchased from Nudear 

aiterprises Ltd., Edinburgh, Scotland); ïfaen -the amino acid was completdy ( 

dissolved 6 ml scintillation liqdd was added. (Conposition« 200 ml ethanol 

p.a., 800 ml toluene p.a., 5 g 2,5-dlphenyloxazol, (FPO) and 0.5 g 2,2'-p-

phenylen-bis-(5-phenyloxazol), (POPOP)). The measurem«its were carried out in 

an automatic liquid scintillation counter (Tritomat 602O, Isotope Development 

Ltd.; later in a Tri-Carb 3375, Packard). 

Activity distributions on pegjer chromatograms were determined by cut-ting 

the chranatograms in strips of ̂  cm. These strips were put in the measuring 

bottles, as far as possible in the same positions, and covered with 5 ml of a 

scintillation mixture (composition« 60 g naphtdene p.a., 4 g PPO, 0.2 g POPOP, 

100 ml ethanol, 20 ml ethyleneglycol ; added up to a volume of 1000 ml wi-th p-

dioxane p.a.). Activities on most analytiod tdn-layer chromatograms were 

measured by removing the silica gd H in bands of | em, covering the gel with 

•the dioxane-sointlllation mixture, and counting in the scintillation counter. 

Activity distributions on preparative thin-layer chromatograms, and on 

analytiod thin-layer chromatograms with sufficient activities, were determined 

with a Berthold "Dülmsddcht-soanner LB 2720". Activi-ties, em measured on 

chromatograms by one of the methods described above, give ody approximate esti

mations of radiochemicd puî ities. ' 

5.2. Experiments relating to Chapter 3 

5.2.1. Materid used 

Two batches of -the adrenooortioo-troplo hormone used had been donated by 

N.V. Organon, Oss, Netherlands. Bo-th batches consisted m d d y of -the A,, Ag 

and A~ fractions described by De Jager '; th^ had been prepared from pig ante

rior pitdtary powder by bstchwise puriflca-tion over carboxymethylcdldose 

using pyridine-aoetlc acid as a buffer system. Batch 2 (indicated by Organon as 
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l o t no. 27517-P2) wem found to be more extensively purified -than Batch 1 (in

dicated as lo t no. 3027). 

5 .2 .2 . Eiqjosure to tritium gas 

Of Batch no. 1, 60 mg was eii^osed to 3 Ci of tritium gem for 8 days at 
room temperature. The product was dssolved twice in 15 ml d i s t i l l ed water, to 
remove labi le bound tritium (»^250 mCi). 

Of Batch no. 2, 96 mg was exposed to 3 Ci of tritium gas for 7 days at 
room tenperature. The product wem dissolved in 50 ml d i s t i l l ed water. (Labile 
bound tritium« ' v 350 mCi). 

5 .2 .3 . Purification over Sephadex 

We used a Sephadex G-50 (fine) column wl'th a length of 145 cm and a dlam-
e'ter of 2 cm (water regdn, W , 5.0 + O.3 g/g, bed volume per g dry g d 10 ml). 
The void vdume, V , (elution volume for a substance 'that i s completely exclud
ed from -the gel) , was determined with Blue Dextran and foijnd to be I85 ml. The 
t o t d volume of -the g d bed wem 455 ml. The inner volume, V., can be c d c d a t e d 
as7), 

^ i - ^ ( ^ t - V - 2 * l " ^ 

(d - dend-ty of -the gel in -the swollen condition, - 1.07) 

Purification of Batch 1« about 50 mg of the irradiated product was dissolved in 

1.5 BO. water; th is sample was s p i l e d on top of -the column and duted wl'th 

0.02 n acetate buffer (p^ 5-2) \ 

Purification of Batch 2« about 80 mg was dissolved in 5 ml water and elu-ted 

with 0«02 n acetate buffer. 

In both experiments, -the irradiated product did not dissolve completdy in 

-the buffer; a sticky brown solid remdned undissolved. Fractions of 5 inl were 

cdlected and meeusured in a Zeiss spec-trophotometer at 280 A. The radioactivity 

of each fraction was determined by measuring 5 HI in a l i q d d scint i l la t ion 

counter (5 .1 .7 . ) . The du t ion curves are given in Chapter 3 . Figures 7 a and 
7 b . Elution volume for Batch 1« 305 ml; for Batch 2« 335 ml. 

V - V„ 
(K^ - - — — - , K̂  Batch 1« O.5O; Batch 2« 0.54; K̂  Batch 2, udabdled« 0.52) 

The fractions of Batches 1 and 2 that were used for further experiments are In-
dica-ted in Figures 7 a and 7 b . The volimie of -these fractions wem for Batch 1 
reduced to about 2 ml, and for Batch 2 to about 10 ml. After removd of insol
uble mater id , both solutions were desdted over a Sephadex G-15 column (length 
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85 cm, diameter 1.5 cm, water regain, W , 1.5, bed volume per g d r y g d 3 ml; 
void vdume, V , determined wi-th Blue Dextran, 62.5 ml; inner volume V. - 62 ml; 

totd bed volume 350 nH). Fractions of 5 ml were collected and meemured in a 

Zeiss spectrophotometer at 280 X; dution volumes of 80 ml for Batch 1 and 90 

ml for Batch 2 were found. The hormone fractions were ev^orated to dryness 

and used in -this form for dectrophoresis and partid hydrolysis. Complete de-

sdting was not obtdned, and the resdting product contdned some sodium ace

tate. 

The yield of corticotropin after purification over Sephadex G-50 was 

Eibout 40 ̂ ; after desdting over Sephadex a-15 'the overdl yidd was about 10-

20 %i so it was found -that adsorption is qdte considerable ' '. 

After a pemsage of labelled materid, both columns were ceu^efdly washed 

out, until -the radioactivity in the effluent was negligible. ^ 

5.2.4. Electrophoresis and autoradiography of corticotropin 

Electrophoresis of coirtlco-tropin was carried out on s-trips of cdldose-

acetate (2.5 x 17 cm, Gdman Sepraphore 111). We used a Shandon udversd 

electrophoresis ^para-tus (after Kohn) Mk II. Per s-trip we applied 1-2 ^ solu

tion (2 mg corticotropin, dissolved in 20 \ of a verond-fonnamide buffer. 

Composl-tion of buffer solution« 105 ml 0.2 m verond, 45 mi 0.2 N HCl, 300 ml 

formamide, 350 ml distilled water; pu - 8.2.) 

Before explication of -the corticotropin, the strips were swollen for 35 

minutes in -the buffer solution in a refrigerator. Electrophoresis was carried 

out immedlatdy after eqdlibratlon (30 minutes, " 200 V, ~ 1.5 mA per strip). 

The wet s-trips were coloured in a ba-th of 0 . 5 ^ anddo dack W B in me-thenol-

water-ace'tic acid 5 « 5 « 1 for five minu-tes. After wasdng in methemol-wa-ter-

acetic acid 5 « 5 t 1, -the strips were pho-tographed i*iile -they were still wet 

and -then dried on a sillconated glems pla-te under fil-ter paper. Autoradio

graphy of the s-trips was carried out with Kodak No Sci'een X-ray films, -the ex
posure times of most strips were about one week. 

5.2.5. Partid hydrolysis of labdled corticotropin \ 

In an a d d hydrolysis of Batch 1, 3 mg labelled corticotropin, purified 

over Sephadex em described in 5.2.3., was hydrolyzed for five hours in 2 ml 

fresdy distilled, constant boiling HCl (5.7 N) at 75 °C. The hydrolysis was 

carried out in seded evacuated tubes. These -tubes were carefdly cleaned in 

boiling HCl. After hydrolysis, hydrocdoric acid wem evaporated under vacuum. 

The residue wem dssolved in 0.5 ml wa-ter, and -the water evaporated; t d s 

trea-tment was repeated four times. 
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In a hydrolysis of Batch 2 with trypsin, about 8 mg of purified, labdled 

corticotropin was dissolved in 8 ml water. Ttie p^ of the solution was adjusted 

to 8 ty means of 0,1 N NaCH. The solution was stirred for 25 min at 37 °C, and 

•tiypsin was added (0.08 mg in 10 [11, Wortdngton, 2 x crystdlized, charge 

TRSF 789). For 2^ hours -the tempera-ture wem mdntained at 37 °C and the p^ at 

8 by adding, as the hydrolysis proceeded, 0.01 N NaOH. Next, the solution was 

aoidlfled with 0.1 N HCl to PL^ 3. The reaction mixture wem freeze-dried. 

5.2.6. Peptide maps of corticotropin bydrolysates. 

Silica gel-G plates (SO x 20 cmi) were prepared and activated for one hour 

at 100 °C. The plates were sprayed with buffer (500 ml pyridine, 20 ml acetic 

emld, 4500 d water, p^ - 6.4) and, next, saturated wl-th the same buffer sdu

tlon by means of -thick paper strips (Whatman 3 JM) attached to two sides of the 

plates and hanging in 'the buffer solution wdch was contdned in two dectrode 

vessels.- 2 \ of the saople (a saturated solution of -the hydrolysate in -the 

pyridine-aoetic add buffer) was e^plied -to the plate. Electrophoresis was car

ried out for 40 minu-tes (« 3200 V, ~ 40 mA) and, thereafter, the plate was 

dried at 60 °C. After drying, the plate was activated for 20 minutes at 100 °C. 

Chromatography in -the second direction wem carried out wi-th butanol-pyridlne-

acetlo acid-water 3 5 « 1 0 « 3 t l 2 a s a solvent, for -three hours. Autoradiograms 

were made on Kodak No Screen X-ray film, wi-th exposures of about one mon-th. 
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S U M M A R Y 

In 1956, Wilzbach in-troduced a radiation-induced exchange method for -the 
labelling of orgadc subs-tanoes wi-th -tri'tlum. The orgadc compound (gem, solid 
or l iqdd)- i s dlowed to remain in contact wi-th Curie quantities of pure -trit
ium gem during a period of severd days -to severd weeks. The major problem in 
applying -the me-thod i s -the purifica-tlcai of -the l abd led product. Due to such 
reactions as isomerlza-tion, hydrogénation and racemization, radioactive by
products may be present in chemicdly uniaportant quantities, but wi-th ex
tremely hlE^ specific activi-ties. 

The purpose of -the present investigation was to obtdn informa-tion about 
-the importance of racemization and hydrogénation of amino acids and peptides 
in -the solid phase caused by -tritium substi-tu-tion emd addition. As a peptide, 
eidrenocorticotropic hormone was chosen. In Chapter 1, a survey i s given about 
-the rdevant l i t e r a tu re . 

Chapter 2 describes how pure L-amlno adds were leibelled by the Wllzbemh 
me-thod. After a rigoi'ous purification, removing d l radiochemicd lnpuritles 
except -the corresponding, leibdled D-amino acid, -the amount of radioactivi-ty 
present in -the D-amino acid was de-termined by a reverse isotope dilution meth
od. 1 ' 20 per cent, of -the radioactivity in the pin?e amino acid wem present 
in the D-enan-tiomer, depending on -the s'tructure of 'the oonpound. In 'tritia'ted 
danlne and v d l n e , 'the distribution of 'the reuUoactivl'ty over 'the Qt-place 
and 'the res t of 'the molecde wem determined in 'the L- emd in 'the D-enemtiomer. 
With 'the vdues -then obtdned, 'the degree of inversion caused fay substitution 
of the dpha-hydrogen ty 'tritium codd be c d c d a t e d . In L - d a d n e , 'tritium 
l abd l ing caused 20 % inversion, and in L-vdine, 10 ^ inversion. 

After Wllzbemh 'tri 'tlation of phenyldadne and tyrosine, a meijor peo-t of 
'the incorporated radioactivl-ty was found in ( p a r t i d ) hydrogénation products 
of -these aroma'tic amino a d d s . 

In Chapter 4, a mechadsm i s proposed for the raconizatlon process in 
amino adds em well as a mechadsm for 'the Incorporation of tritium in (par
t i d ) hydrogenated aromatic amino a d d s . 

Chap'ter 3 describes 'the -tri-tiation of adrenocortico-tropic hormone by -the 
Wilzbach method. T d s t r l t l a t lon wem carried out to get more insight into the 
p rac t lod problem of obtecLnlng a radioohemicdly pure Wilzbach labelled pep
t i d e . After removd of radoact lve fragnentatlon and polymeriza-tlon products 
fay Sephadex fll-tra-tlon, a product wem obtdned that appeared radioohemicdly 
pure fay em elec-trophore-tlc cr i ter ion. T d s product was p a r t l d l y hydrolyzed, 
and peptide maps were made of -the bydrolysates. Autoradiograms of -these pep
t ide maps reveded -that a subs-tantid amount of -the radioactivity did not 
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coincide wl-th chemiodly detec-table spots. Ofa-vloudy, radloohemlod impuri-ties 
were present in -the purified product wl-th about -the same molecdar. weight em 
cortico'tropln i t se l f , piresumably caused by raoemlza-tlon, hydrogénation and Iso-
meriza-tion. We condude -that in generd i t will be very d l f f l c d t , or even Im-
p o s d d e , to prove rigorously -the radloohemlod puri-ty of any polypep-tlde or 
protein, leüjdled fay -the Wllzbadh method. Resdts 'that were obtdned in the 
pemt wl'th Wilzbach l abd led peptides and proteins may be considerably in error 
due 'to 'the presence of radlochemiod inpuri ' t ies. 
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S A M E N V A T T I N G 

In 1956 werd door Wilzbach een dgemene me-thode aangegeven om organische 

verbindingen met tritium te merken. Hiertoe wordt de orgemische verbinding 

(ds gsm, vloeistof of vaste stof) gedurende een periode, uiteenlopend van en

kele deigen tot enkde weken, in contact gebracht met Curie-hoevedheden van 

zuiver tritiumgas. Onder invloed vem de beta--tritium-strding vindt uitwisse

ling plaats van waterstof voor -tri-tium. Het voomemmste problean bij de toe-

pemsing van deze methode is de z d vering van het gemerkte produkt. Ten gevolge 

van djvoorbedd isomerisatie, hydrogenering en racemlsa-tie kunnen radioactie

ve bijprodukten aanwezig zijn met extreem hoge specifieke activiteiten, ter

wijl chemisch gezien, de aanwezigheid er vem d e t of nauwelijks waameembemr 

is. 

Het doel van dit onderzoek wem om gegevens te verkrijgen over de mate, 

waarin racemisatie- en hydrogeneringsreacties bij aminozuren en peptiden, die 

volgens Wilzbach worden generkt met -tritium, een rol spden. In hoofdstuk 1 

wordt een overzicht gegeven van de literatuur, die betrekking heeft op di.t on

derwerp. 

In boofds-tuk 2 wordt beschreven hoe zdvere L-eminozuren volgens de Wllz-

bach-methode werden gemerkt. Na een z d vering, wemrblj d i e radiochemische 

veron-treinigingen werden verwijderd, böidve gemerkt D-euidnozuur, werd het 

percenteige gemerkt D-amlnozuur in het verkregen produkt bepemld door middel 

van een isotopenverdundngsme-thode. 1 - 2 0 procent van de totde reidloactivl-

teit in het zdvere aminozuur was aanwezig in de D-enantiomeer, afhahkdljk 

van de structuur van de verbinding. In volgens Wilzbach gemerkt d a d n e en va

line werd bovendien de verdding van de radioactiviteit over de dpha-plemts 

en de rest van het molecde bepemld, zowel in de L- d s in de D-enan-tiomeer. 

Uit deze gegevens v d t af -te leiden, dat in L-deuilne en in L-vdine substi-

tu-tie van waterstof op de dpha-plemts door tritium respectievdijk 20 en 1 0 ^ 

inversie veroorzemkt. Na Wilzbaeh--tritiering vem feryldanine en tyrodne 

I werd een groot ded vem de radloao-tiviteit, opgenomen door de vemte stof, te

ruggevonden in (partlKle) hydrogenerlngsprodukten. 

m hoofdstuk 4 wordt een mechanisme voor de racemisatie van aminozuren 

onder invloed van T^ voorgestdd. Tevens ifordt emngegeven, op wdke wijze men 

zich de inbouw van -tritium in de fenylkemen van tyrosine en fenyldadne, 

onder gelijktijdige (partiële) hydrogenering van deze kernen, kan voorstellen. 

In hoofds-tuk 3 wordt de tri-tlSring vem cortiootropine beschreven. Deze 

tritiering werd dtgevoerd om Inzicht te krijgen in het probleem, of het moge

lijk is een peptide, gemerkt volgens Wilzbach, radochemisch zdver in handen 
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t e krijgen. Na verwijdering van reulioactieve afbremk- en polymerisa-tieproduk-
ten door middel van f i l t r a t i e over Sephadex, werd een produkt verkregen dat, 
t e oordelen naar het elektroferogram, radiochemisch zdver wem. Dit produkt 
werd par-tied gehydrdyseerd. De peptiden in de hydrolysa'ten werden gescheiden 
op dunne lagen met behdp van electroforese in één richting en chromatografie 
in de tweede r icht ing. Au'boradiogrammen van deze "fingerprin'ts" toonden emn, 
dat een bdangrijk deel van de reidioactivi-teit d e t samenvid met chemisch 
eiantoonbare vlekken. Blijkbemr waren in het gezuiverde cortlcotropine radio
chemische onzdverheden emnwezig met ongeveer hetzdfde molecudgewlcht en 
vermoeddijk ontstemn door racemisatie, hydrogenering en isomerisering. Onze 
condusie i s , dat het in het dgemeen d t e r s t moeilijk of z d f s onmogdijk z d 
zijn om de radioohemlsohe zuiverheid vem een polypeptide of eiwit, gemerkt 
volgens de Wilzbaöh-me-thode, t e bepden. Eerdere r e sd t a t en , verkregen met 
volgens Wilzbach gemerkte eiwitten en peptiden, kunnen to t gäieel verkeerde ' 
conolusles hebben geleid, ten gevolge van de emnwezighdd van reutlochenlsche 
verontreidgingen. 
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