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Summarv: Dithiothreitol reduced selectively the disulfide bond linking 
the half cystine residues 14 aad 38 of bovine basic trypsin inhibitor in the 
absence of urea at pH 8.2. Iodoacetamide treatment afforded 14,38-bis-[S-carb- 
anidouethpl]-(basic trypsin inhibitor) possessing full biological activity. 

The bovine basic pancreatic trypsin inhibitor (Kunitr/Northrop inhibitor) 

or kallikrein inhibitor (called “basic trppein inhibitor” throughout this com- 

munication, abbrev. TI) represents a polypeptide of known structure (Kassell 

and Laskowski, Sr., 1965). see Fig. 1. It consists of 58 amino acids and con- 

tains three intra-chain disulfide bonds linking the half cystine residues at 

positions 5 and 55, 14 and 38, and 30 and 51. 

Ala.Lys.Ala.Gly.Leu.Cys.GU.Thr.Phe.Val.Tyr.Gly.Gly.~~.ArS.Al~.Ly~.A~S.AsN.~~.Phe.Lys.Ser.Ala 
35 38 40 45 

Figure 1. Structure of basic trypsin inhibitor (Kassell and Laskowski. Sr., 1965). 4 indicates 
paint of cryptic attack. The tryptic pepcides are designated as described by 
Chauvet et al. (1966). [< T ,  >I. 

In this work a selective cleavage of oue disulfide bond of the inhibitor 

(TI) was obtained by treatment with 2,3-dithiothreitol (Cleland, 1964) in the 

absence of urea using the procedure described by Bewley, Dixon and Li (1968). 

(1) Supported in part by Public Realth Service Research Grant C-6516 from 
the National Cancer Institute, and FR-05526 from the Division of Research Fac- 
ilities and Resources, National Institutes of Health, and by The Albert Lasker 
?oundation, New York, and The Alvan T. and Viola D. Fuller Cancer Research Unit 
Grant, American Cancer Society (Massachusetts Division) Inc. 
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Treatment with iodoacetamide gave a bis-[S-carbamidomethyl] derivative which 

possessed full biological activity, as shown by total inhibition of the cleav- 

age of benzoyl-DL-arginine-p-nitranilide, BAF'A, (Erlanger et al., 1961) and 

of p-toluenesulfonyl-L-arginine-methyl ester, TAME, (Hummel, 1959) by trypsin 

under standard conditions. However, treatment of the partially reduced TI with 

iodoacetic acid gave a totally inactive bis-[S-carboxymethyl] derivative (2) . 

The homogeneity of both bis-[S-alkylated] inhibitor derivatives was demon- 

strated by correct amino acid analyses (Table 1) and by disc electrophoresis on 

polyacrylamide gel. Alkylation with r&4 -iodoacetic acid, followed by oxida- 

tion, tryptic digestion, and peptide mapping (Katz et a1.,1959) gave two radio- 

active spots, T1 and T5 (Fig.Z), which provided added evidence for a specific 

reduction and alkylation of one single disulfide bond. Amino acid analyses of 

T1 and T5 (Table 1) proved unequivocally that the selectively reduced disulfide 

bond was the 14-38 bond. Thus the biologically active derivative was 14,3&bis- 

[S-carbamidomethyll-(basic trypsin inhibitor). 

It has been reported (Dixon and Li, 1966; Bewley, Dixon, and Li, 1968) 

that the complete reduction and S-carbamidomethylation of human growth hormone 

resulted in a derivative with a biological activity comparable to that of the 

native hormone. Recently other investigators (Light and Sinha, 1967; Kress and 

Laskowski, Sr., 1967; Neuman et al., 1967) reported retention of full biologi- 

cal activity after selective reduction of a part of the constituent disulfide 

bonds without subsequent alkylation in trypsin, trypsin inhibitor, and ribo- 

nuclease, respectively, which indicated that the native conformation remained 

essentially unchanged in each case. 

It might be speculated that S-carbamidouethylation of the half cystine re- 

sidues 14 and 38 of the basic trypsin inhibitor did not affect its conformation, 

(2) During the course of this work Kress and Laskowski, Sr., (1967) re- 
ported about the observation of full biological activity upon partial reduction 
of TI with sodium borohydride and loss of activity upon carboxymethylation. 
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Amino 
Acid 

Table 1 Amino Acid Analysis ('3pack.n et .I., 1958) (1) 

Native TI-oeriVatipC. c4) 
Inhibitor his his 

Pcptidc Tl Peptide T  
hem hem 5 

LYS 3.9 4.0 4.2 4.2 

4r8 5.8 6.0 6.2 6.3 

m-cya 2.0 1.9 

Cye-S03H 

*sP 5.2 5.0 4.9 4.9 

Thr 3.0 3.0 2.8 2.7 

Ser 1.0 1.0 1.3 0.9 

GlU 3.2 3.0 3.2 3.1 

PTO 3.8 4.0 4.0 3.7 

W 5.8 6.0 6.0 6.0 

Ala 6.0 6.0 6.0 6.0 

4.3 4.2 1.0 1.0 

5.9 5.8 1.1 1.0 1.0 1.0 

5.9 5.) 

1.6(5) 2.0 1.7(5) 2.0 

5.0 5.0 1.0 

2.8 2.7 0.9 

1.0 1.1 

3.1 3.1 1.0 

4.1 3.7 4.2 

6.0 6.0 1.0 

6.0 6.0 

1.0 

1.0 1.1 1.0 

1.0 1.4 1.0 

4.0 

1.0 3.0 3.0 

1.0 1.0 

1.1 1.0 

l/2 cys 4.Sc3) 6.0 2.6(3) 2.6(3) 

"Sl 1.0 1.0 0.9 1.0 1.1 1.0 

Met 0.9 1.0 1.1 1.0 1.0 0.8 

11e 1.4(4) 2.0 1.7 1.7 1.8 1.7 

Id" 2.1 2.0 2.2 2.1 2.2 2.2 1.0 

-fYr 3.8 4.0 4.0 4.1 4.1 4.0 1.0 

Phe 4.0 4.0 4.1 4.1 4.1 4.0 1.0 

1.0 1.2 1.0 

1.0 1.1 1.0 

1.0 1.1 1.0 

(1) Amino acid analysis was done 0" 24 hrs hydrolys.tea in . Phoenix m,.l,s.t 
Model H-6800. The values reported are uncorrected for decmpowlticm or i- 
plete hydrol,aia. (2) bir NW - 14.38-bi,-IS-utbaid~thyll-TI; bi# 01- 
14.38-big-(S-e~rbolthyll-TI: hera Ip( - henIS-carbridathyll-11: hem 
M - hem-[S-carboxymethyll-TI. (3) W.lf-cysrina values nn Amys low in 
our "terial, but 6 moles of cystefc aid were obt.ined "hm the oxidimd 
sample was .n.l,red. (4) Ineo+plcte hydrol,si, of Ilr-Ile bad. (5) mteic 
mid .nd S-carbaymetbyl-cyst&u sulfmc err@ u m m  peat frm the rdir 
colmn (0.9 x 60 ~11) md c.“not be distinguished. 

Piyle 2, Peptide "p of the tryptic digest of oxidized 14.38-bi.-[S-C14- 
carbor)ncthyll-TI; chro.ato8r.phy in solvent system, n-LWHlacetie acid/r.ter 
(4:1:5 V/V) for 16 br md elactropboresi. in pS 2.1 form& acid-acetic .cid 
burfer 0KDOSlH~ciU20, 25~87~888 v/v) at 2000 volts for 75 min. a) Sprayed 
with “inhydrfn CO.12 in ethanol). $:;:I- Cysteic acid containinS peptides; the 
sequeoces of peptides Tl, T5, TS, and T9 see Pig. 1. b) ,.uroradiegr.ph of a). 
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as judged by the full activity of the derivative. It has been argued by Chauvet 

and Acher (1967) that the lysine residue in position 15 is involved in the bind- 

ing of the inhibitor with trypsin. Auhagen (1967) postulated a hydrophobic bind- 

ing region, comprising the amino acid residues 16-23 and 33-35, by which the in- 

hibitor binds to trypsin, thereby masking and inactivating the active site of 

the enzyme. In either case, the S-carbauidomethyl grOUQS would be in the imedi- 

ate neighborhood of the binding area and might then either (a) participate in 

the binding or (b) not interfere with the binding by pointing away from the 

binding area of the inhibitor molecule. The isoteric S-carboxymethyl groups in 

positions 14 and 38 however do inactivate the inhibitor. Electrostatic repulsion 

of the two negatively charged carboxylates might either directly interfere with 

the binding to trypsin or change the conformation of the inhibitor. Similar 

findings with fully active tetra-[S-carbamidomethyll-(human growth hormone), 

(Bewley, Dixon, and Li, 1968) and with totally inactive tetra-[S-carboxymethyl]- 

(human growth hormone), (Li, Dixon, and Bevley, unpublished) suggest the impor- 

tance of the nature of S-alkylating agents for obtaining biologically active 

derivatives. 

Complete reduction with dithiothreitol of all three dieulfide bonds of TI 

was obtained in the presence of 8 M urea at QH 8.2. Total alkylation with both 

iodoacetamide and iodoacetic acid gave inactive products. 

EXPEBIMENTS ANDBESDLTS 

Materials: Eallikrein inhibitor (Trasylol @I was a gift from Farben- 

fabriken Bayer AC, Wuppertal-Elberfeld, Germany, (Lot No, S5617 dated 2/3/67) 

and was chromatographed ou CM-celluloee according to Sach et al., (1965). 

Trypsin, 3 x tryst., TBL-50, was obtained from Worthington Biochem. Corp., 

BAPA from Nutritioual Biochem. Corp., TAME and 2,3-dithiothreitol from Calbio- 

them. Co., and C 14 -iodoacatic acid from NW England Nuclear Corporatiou. 

14.38-Bis-[S-carbaaidomethyl)-(basic tryusin inhibitor) (I).-Basic trypsin 

inhibitor (2 u moles) was dissolved in 0.1 M phosphate buffer (3 ml) at pA 8.2. 
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2,fDithiothreitol (24 u moles) was added and the reduction was allowed to pro- 

ceed for 1.5 hr at room temperature under nitrogen. Iodoacetamide (120 u moles) 

was then added and the solution kept at room temperature under nitrogen for 10 

min (NaOH being added if necessary to maintain QH 8.2). Acetic acid was then 

added to adjust the QH to 3. Excess reagents were removed simultaneously with 

desalting on Sephadex G-25 with 0.1 M HOAc as eluant. The eluate containing 

the protein peak was lyophilixed. 14,38-Bis-[S-carbamidomethyll-inhibitor was 

obtained in 76% yield. The biological activity was identical with native TI 

in BAPA and TAME assays. Gel electrophoresis (QH 4.9) was homogeneous. 

Table 1 gives the data of the amino acid analysis showing the presence of 2.0 

moles of S-carboxymethyl-cysteine. 

14.38-Bis-[S-carboxymethyll-(basic trypsin inhibitor (II).-Preparation 

was as described for 1. 12 mg of inhibitor and 24 mg of iodoacetic acid gave 

9.0 mg (75%) of II. BAPA and TAME assays showed complete lack of activity. 

II was homogeneous by gel electrophoresis and by amino acid analysis (Table 1). 

Reduction and alkylation in the presence of 8 M urea.-These preparations 

were carried out in 0.1 H phosphate buffer, at ph 8.2, which was 8 molar in 

urea(3). The yields of both the hcxa-(S-carbamidomethyl) and the hexa-(S-carb- 

oxymethyl) derivatives were about 70-80X. Both products were biologically in- 

active in BAPA and TAME assays. Amino acid analysis gave 6.0 moles of S-carb- 

oxymethyl-cysteine for each sample (Table 1). 

Identification of the reduced disulfide bond.-In order to reproduce the 

peptide map as described by Chauvet et al., (1966), labeled a-C 14 -carboxymethyl- 

trypsin inhibitor was used and, therefore, ,a batch of partially reduced inhibi- 

tor (5 u moles TI treated with 20 p moles dithiothreitol) was divided into two 

portions. One (1 u mole) was treated with iodoacetamide to give the fully ac- 

tive bis-[S-carbamidouthyll-TI, the other (4 p moles) was reacted with a-C 14 - 

(3) Urea was freshly purified by passing through a mixture of Dowex 
50 x 8 and Dowex 1 x 8 resin at 50°C just before use. 
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iodoacetfc acid (80 u moles, spec. activity 0.125 u C/u mole) and processed for 

peptide mapping. The labeled 14,38-bis-[S-C14 -carboxyxethyl]-inhibitor (16 mg) 

was dissolved in 5.0 ml of performic acid, prepared according to Ll (1957), and 

the reaction was carried out at 4OC for 1 hr. The solution was diluted 10 

tioes with dist. Ii20 aad was lyophllised to yield 16 mg. It was dissolved in 

3 ml of 0.1 M EE4HC03 at pH 8.2. 240 u g TPCK-treated trypsin (Kostka and Car- 

penter, 1964), (E:S = 1:66 w/w) were added and the digestion was carried out at 

37% for 5 hr. The solution was then lyophilised. 2 ag of the lyophillsed 

product was subjected to two-dimensional paper chromatography and paper electro- 

phoresls (Katz et al., 1959). After the paper was dried a sheet of K-ray film 

was placed over it and exposed for 3 days. The X-ray film was then developed 

and showed 2 radioactive spots. A peptide map and its corresponding autoradlo- 

graph are shawn in Fig. 2. The radioactive spots were cut out and eluted with 

2% acetic acid. The eluates were dried and subjected to amino acid analysis 

(Table 1). 

Tryptlc digestion of the oxidized inhibitor yielded 4 cysteic acid contain- 

ing peptides (described as T1, T5, T8, Tgr by Chauvet et al., 1966) as shown in 

Fig. 2a. According to Fig. 1 the 5-55 disulfide bond corresponds to T1 and T9, 

the 14-38 bond corresponds to Tl and T5 , and the 30-51 bond corresponds to T5 

and T8. The autoradiograph (pig. 2b) revealed T1 and T5 to be radioactive. The 

amino acid analyses of T1 and T5 (Table 1) further corroborated their identity 

and proved that the selectively reduced disulfide was the 14 to 38 disulflde 

bond. 
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