
798 Experientia 37 (1981), Birkh~iuser Verlag, Basel (Schweiz) 

36 H.C. Freeman, Adv. Protein Chem. 22, 257 (1967). 
37 R.J. Berni, R.R. Benerito, W.M. Ayres and H.B. Jonassen, J. 

inorg, nucl. Chem. 25, 807 (1963); J.P: Barbier and R.Hugel, 
Inorg. chim. Acta 18, 253 (1976). 

38 a T.J. Swift and R.E. Connick, J. Chem. Phys. 37, 307 (1962); 
b W.G. Espersen and R.B. Martin, J. Am. chem. Soc. 98, 40 
(1976) and J. Phys. Chem. 80, 161 (1976). 

39 D.B. Boyd, J. Phys. Chem. 78, 1554 and 2604 (1974). 
40 H. Ruis, D.B. McCormick and L.D. Wright, J. org. Chem. 32, 

2010 (1967). 
41 A.Marquet, Pure appl. Chem. 49, 183 (1977). 
42 F.-T. Liu and N.J. Leonard, J. Am. chem. Soc. 101, 996 

(1979). 
43 G.A. Olah and A.M. White, J. Am. chem. Soc. 90, 6087 

(1968). 
44 R.Griesser and D.B. McCormick, Archs Biochem. Biophys. 

160, 667 (1974). 
45 The proton basicity of thioether-sulfur is very small. For 

tetrahydrothiophene is pKa < - 6.2, because the relative basic- 
ity of Tht toward BF 3 is about 15 times smaller than the one of 
diethyl ether 46a, and its acidity constant is pKa= -6.246b; this 
conclusion is in agreement with reference 46c. For the depro- 
tonation of H(diethyl sulfide) + holds pKa ~ - -6 .8  (ref.46c). 
Hence, it is not surprising that the thioether-sulfur of d-biotin 
is protonated only in 'magic acid' (ref. 43). The most basic site 
of the biotinyl moiety is the ureido group ( p K a = -  1.13 in 
water) where protonation occurs presumably on the carbonyl 
oxygen atom 46d. 

46 a H.E. Wirth and P.I. Slick, J. Phys. Chem. 66, 2277 (1962); 
b J.T. Edward, J.B. Leane and I.C. Wang, Can. J. Chem. 40, 
1521 (1962); c P. Bonvicini, A. Levi, V. Lucchini and G. Scorra- 

no, J. chem. Soc., Perkin Trans. 2, 2267 (1972); d M.Caplow, 
Biochemistry 8, 2656 (1969). 

47 H. Sigel, K.H. Scheller, V.M. Rheinberger and B.E. Fischer, 
J. chem. Soc., Dalton Trans. 1022 (1980). 

48 H. Sigel, V. M. Rheinberger and B.E. Fischer, Inorg. Chem. 18, 
3334 (1979). 

49 Cu 2+ exhibits upon a thioether interaction an absorption in 
the 340-450-nm region48,5~ by using increasing amounts of 
Cu(C104)2 this absorption increases also and allows thus the 
calculation of the corresponding stability constant 48. 
Moreover, the addition of M(C1Oa)n to a Cu(C1Oa)2/thioether 
system leads to a decrease in absorption due to the formation 
of M(thioether) n+ complexes; by measuring this decrease 
from such 'competition' experiments the stability constants of 
the M(thioether) n+ complexes may also be calculated 48. 

50 H. Sigel and K.H. Scheller, J. inorg. Biochem., in press. 
51 N. Hadjiliadis and G.Pneumatikakis, J. inorg. Biochem. 10, 

215 (1979), 
52 H.A. Scheraga, Acc. chem. Res. 12, 7 (1979). 
53 P.R. Mitchell and H. Sigel, Angew. Chem., int. Edn engl. 15, 

548 (1976). 
54 P.R. Mitchell, J. chem. Soc., Dalton Trans. 711 (1979). 
55 B.E. Fischer and H. Sigel, J. Am. chem. Soc. 102, 2998 (1980). 
56 a K.H. Scheller, Ph: D. Thesis, University of Basel, Basel 1978; 

b H. Sigel and K.H. Scheller, results to be published. 
57 D.B. Northrop and H.G. Wood, J. biol. Chem. 244, 5820 

(1969). 
58 P.M. Frey and M. Led6sert, Acta crystallogr. B27, 2119 (1971). 
59 D.K. Laing and L.D. Pettit, J. chem. Soc., Dalton Trans. 2297 

(1975). 

S P E C I A L I A  
The edi tors  do no t  ho ld  themselves responsible  for  the op in ions  expressed in the  au tho r s '  b r ie f  reports .  - Les auteurs  
sont  seuls responsables  des op in ions  exprim6es dans  ces br~ves communica t ions .  - Ft ir  die Kurzmi t t e i lungen  ist aus- 
schliesslich der  A u t o r  verantwort l ich .  - Per  le brevi  comunicaz ion i  ~ responsabi le  solo l 'autore .  - OTBeTcxBeH.0CTb 3a 
KOp0TKHe coo6mem~a Hec& HCKmOYHTenLHO anTop. - Solo los autores  son responsables  de las opin iones  expresadas en 

estas comunica t iones  breves. 

A new solid-phase synthesis of Thymopoietin II by a mild procedure 

R. Colombo* 
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Summary. The  sol id-phase  synthesis o f  a nona te t r acon tapep t ide  cor responding  to the ent ire  a m i n o  acid sequence  of  
Thymopo ie t i n  II is described.  Use of  the recent ly developed,  base-labile ,  f luo reny lmethy loxycarbony l -amino  acids in  
combina t ion  with tert-butyl based  side cha in  protect ing groups and  p-a lkoxybenzyl  ester pept ide  to resin l inkage enab led  
the synthesis to be  carr ied out  u n d e r  m u c h  mi lder  react ion condi t ions  than  previously.  

It is now evident  tha t  var ious factors are involved in the 
many  activities o f  the thymus  and  o f  its cells 1. A m o n g  these 
factors, T h y m o p o i e t i n  I and  II, 2 closely re la ted polypep-  

tide h o r m o n e s  (formerly k n o w n  as 'Thymin  I and  II ')  
isolated f rom bovine  thymus in 1974 by  Golds te in  2, induce 
the selective d i f ferent ia t ion  o f  thymocytes  f rom precursor  
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cells. The primary structure of Thymopoietin II (TP II) was 
proposed to be 3 

1 5 
H-Ser-Gln-Phe-Leu-Glu-Asp-Pro-Ser-Val- 

10 15 
Leu-Thr-Lys-Glu-Lys-Leu-Lys-Ser-Glu- 

20 25 
Leu-Val-Ala-Asn-Asn-Val-Thr-Leu-Pro-Ala- 

30 35 

Gly-Glu-Gln-Arg-Lys-Asp-Val-Tyr- 
40 

Val-Gln-Leu-Tyr-Leu-Gln-Thr-Leu- 
45 49 
Thr-Ala-Val-Lys-Arg-OH. 

The chemical synthesis by solution methods of a nonatetra- 
contapeptide corresponding to the entire amino acid 
sequence of TP II has been described 4, and solid phase 
synthesis of TP II has also been reported 5. The strategies of 
synthesis employed in both of these approaches required, 
for the final cleavage and deprotecting step, strongly acidic 
conditions (methanesulfonic acid at 18 C a o r  anhydrous 
HF at 0 C4,5), which are known to cause serious decompo- 
sition. The damaging effect of these destructive treatments 
often leads to the formation of undesirable side products 
which are difficult to eliminate 6, and may interfere with in 
vitro and in vivo studies on structure-activity relationships. 
Recent studies in 2 laboratories 7'8 have led to the applica- 
tion of a base-labile amino protecting group, 9-fluorenyl- 
methyloxycarbonyl (Fmoc), in solid-phase peptide synthe- 
sis. The use of N~-Fmoc group, in combination with tert- 
butyl based side chain protecting groups and p-benzyloxy- 
benzyl ester peptide to resin anchorage 9 which are both 
cleavable by mild acid, provides an alternative strategy for 
a solid-phase synthesis under very mild reaction conditions. 
I now describe an improved synthesis of TP II in which 
treatment with acidic reagents is minimised in order to 
reduce any potential side reaction during the synthesis. 
Material and methods. The solid support was the p-benzyl- 
oxybenzyl alcohol resin, prepared as described by Wang 9. 
The a-amino protecting group was Fmoc in all but the first 
(Arg49) and the last step (Ala0, where 2-biphenylisopropy- 
loxycarbonyl (Bpoc) and tert-butyloxycarbonyl (Boc) were 
used respectively. Fmoc-amino acids were prepared by the 

10 11 procedures of Carpino and Han and of Chang et a l . .  The 
following groups were employed for side-chain protection: 
Arg and Lys, Boc; Asp and Glu, tert-butyl ester; Ser, Thr 
and Tyr, tert-butyl ether. Assembly of the TP II sequence 
was initiated by the coupling of Bpoc-Arg(Boc)-OH to the 
resin with the aid of N,N'-dicyclohexylcarbodiimide, in the 
presence of 4-dimethylaminopyridine. After washing, the 
Bpoc-Arg(Boc)-resin was dried to constant weight (2.157 g) 
in vacuo at 35 ~ A substitution of 0.154 mmoles/g was 
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estimated by weight gain and by the method of Gisin 12. The 
substituted resin (1.30 g, 0.20 mmoles) was transferred to 
the glass reaction vessel of a manual apparatus and acety- 
lated with a mixture of pyridine and acetic anhydride (1:1 
v/v, in the presence of a catalytic amount of 4-dimethyl- 
aminopyridine9). After filtration and washing with DMF, 
CH2C12, (CH3)2CHOH and CH2C12, the protected amino 
acid resin was treated with 0.5% trifluoroacetic acid in 
CH2C12 to remove the Bpoc group, and submitted to the 
program shown in table 1 for stepwise synthesis from the 
carboxyl terminus. 
Fmoc-glutamine and Fmoc-asparagine were coupled to the 
resin as p-nitrophenyl esters (2 mmoles, 10 equiv.) in DMF 
in step 12 and 16. Immediately preformed symmetrycal 
anhydrides of Fmoc amino acids were used in all other 
couplings. Completeness of coupling reactions was moni- 
tored both by the ninhydrin color test of Kaiser 13 and the 
fluorometric method 14. The progress of the synthesis was 
checked 7 times (after coupling of Thr43, Tyr36, Gly29, Asn22, 
Leuls, Sers and Ser 0 by total acid hydrolysis (12 M HCI per 
propionic acid, 1:1 v/v, 2 h, 135 C)lSwith subsequent 
amino acid analysis (table 2). 

Table 1. Synthetic program for Thymopoietin II 

Operation Reagent or solvent a Mixing Appli- 
time cations 
(rain) 

1 50% piperidine in DMF b 1 1 
2 50% piperidine in DMF 10 1 
3 DMF 1 3 
4 CH2C12 1 3 
5 (CH3)2CHOH 1 3 
6 CH2C12 1 3 
7-9 repeat operation 1-3 

10 DMF 1 3 
11 CH2C12 1 3 
12 Fmoc-amino acid anhydride c 

(4-fold excess) 180 1 
13 CH2C12 1 3 
14 (CH3)2CHOH 1 3 
15-16 repeat operation 11-12 
17 CH2C12 1 3 
18 DMF 1 3 
19 CH2C12 1 3 
20 Coupling monitoring (if necessary, repeat operation 

12-13) 
21 DMF 1 3 

a Wash volumes were 20 ml. b Percentages express v/v ratios. 
c Fmoc-asparagine and Fmoc-glutamine were introduced as 
p-nitrophenyl esters (10-fold excess); mixing time: 360 rain. 

Table 2. Check of progress of synthesis by amino acid analysis 

Amino acid Sequence spanned by peptide-resin a 
43-49 36-49 29-49 22-49 15-49 8-49 1-49 

Lys 1.07 (1) 1.11 (1) 2.21 (2) 2.05 (2) 2.99 (3) 5.07 (5) 4.94 (5) 
Arg 0.98 (1) 0.96 (1) 1.96 (2) 1.95 (2) 1.93 (2) 1.91 (2) 1.96 (2) 
Asx (0) (0) 1.01 (1) 3.10 (3) 3.12 (3) 3.27 (3) 4.01 (4) 
Thr b 1.71 (2) 1.88 (2) 1.81 (2) 2.91 (3) 2.93 (3) 3.79 (4) 3.80 (4) 
Ser b (0) (0) (0) (0) 0.79 (1) 1.64 (2) 2.51 (3) 
Glx (0) 2.13 (2) 4.14 (4) 4.10 (4) 5.03 (5) 5.98 (6) 7.95 (8) 
Pro (0) (0) (0) 1.08 (1) 1.03 (1) 1.04 (1) 2.09 (2) 
Gly (0) (0) 1.00 (1) 1.01 (1) 1.08 (1) 0.99 (1) 1.13 (1) 
Ala 1.12 (1) 1.21 (1) 1.08 (1) 2.15 (2) 3.17 (3) 3.04 (3) 3.05 (3) 
Val 1.05 (1) 2.02 (2) 3.07 (3) 4.00 (4) 5.05 (5) 5.99 (6) 6.10 (6) 
Leu 1.00 (1) 3.08 (3) 3.11 (3) 3.96 (4) 5.98 (6) 7.03 (7) 7.94 (8) 
Tyr (0) 1.89 (2) 1.87 (2) 1.92 (2) 1.85 (2) 1.94 (2) 1.83 (2) 
Phe (0) (0) (0) (0) (0) (0) 1.12 (1) 

a The theoretical number of residues is indicated between brackets, b Uncorrected for loss in hydrolysis. 
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At the end of the synthesis, after the last operation (number 
21), the protected nonatetracontapeptide resin was exten- 
sively washed with CHECI 2 and dried to constant weight 
(1.74 g) in vacuo over P205 (35 ~ To a suspension of the 
peptide resin in CH2C12 (10 ml), TFA (25 ml) in CH2C12 
(15 ml) was added at 25 ~ with vigorous stirring to cleave 
all the protecting groups and the peptide to resin bond. 
After 50 min at room temperature, the resin particles were 
removed by filtration, and the solvent evaporated under 
reduced pressure (bath temperature: 30 ~ The obtained 
residue was triturated with diethyl ether to give 211 mg of 
crude product as a white powder (19% overall yield). 
Results and discussion. The crude peptide was purified by 
gel filtration on sephadex G-50 followed by Sephadex LH- 
20. Further purification was accomplished with CM-cetlu- 
lose by gradient elution using pH 6.5 ammonium acetate 
buffer (0.001-0.3 M) 4. The chromatographic purifications 
were monitored by absorbance at 205 nm due to the 
peptide bond. After desalting on Bio Gel P-2 of symmetri- 
cal main peak fractions in 1 N acetic acid, lyophilization 
gave a colorless residue of synthetic peptide. 155 mg (14% 
overall yield). 
Thin-layer chromatography (Silica gel, Merck 60 F-254) in 
n-butanol-ethyl acetate-acetic acid-water (1:1:1:1) gave a 
single ninhydrin-positive, Sakaguchi-positive spot, Rf 0.59 
(Fujino et al.4: 0.60). Paper electrophoresis on Whatman 
3MM at pH 1.9 (formic acid-acetic acid buffer), 600 volt. 

Table 3. Amino acid analyses of synthetic Thymopoietin II 

Amino Theoretical Acid Enzyme 
acid hydrolysate a,c digest b,c 

Lys 5 5.11 5.24 
Arg 2 1.96 1.92 
Asp 2 4.20 2.02 
Ash 2 
Thr 4 3.88 d 
Ser 3 2.69 d 13.12 
Gin 4 
Glu 4 8.17 3.87 
Pro 2 2.05 1.89 
Gly l 1.02 l. 11 
Ala 3 3.12 3.07 
Val 6 5.94 6.20 
Leu 8 8.15 8.14 
Tyr 2 1.89 2.07 
Phe 1 1.04 0.95 

a Hydrolysis was carried out with 6 N HC1 for 24 h at ll0~ in 
sealed evacuated tubes, b Digestion with acid protease for 24 h 
at 37~ followed by 24 h digestion with trypsin and chymo- 
trypsin, followed by 48 h digestion with leucine amino-peptidase. 
c Average of 3 determinations, d Uncorrected for loss in hydrolysis. 
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60 min, gave a single ninhydrin-positive spot, RL~ s 0.62 
(Fujino et al.4: 0.59). [a] 25 was found to be -72 .4  ~ (c = 0.3, 
5% aqueous AcOH), which is in good agreement with the 
value ( - 7 5  ~ reported for the nonatetracontapeptide syn- 
thesized by conventional Solution methods 4. Serine was 
found to be the only amino terminal amino acid by the 
dansyl techniquO TM. Arginine was shown to be the C- 
terminal amino acid by carboxypeptidases A and B diges- 
tion ~7. The results of amino acid analysis of acid and 
enzyme hydrolysates of a sample of purified peptide are 
reported in table 3. 
From the reported data of physicochemical analyses ap- 
plied to the synthetic nonatetracontapeptide corresponding 
to the sequence proposed for TP II, it appears that the 
product Obtained possesses an acceptable degree of homo- 
geneity which enables it to be used for biological studies. 
To conclude, the present results suggest that the base-labile 
N ~ temporary protecting group Fmoc may be a useful and 
favourable alternative to the acid-labile groups widely 
employed up to now during the solid phase synthesis of 
medium-sized natural peptides. 

Present address: St.Raphael Hospital Research Department, 
University of Milan, Via Olgettina 60, 1-20132 Milan (Italy). 
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Localization of  sucrase activity in the cocoon  of  Bombyx mori 
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Summary. Enzymes capable of hydrolyzing sucrose, trehalose, lactose and cellobiose were detected in the cocoon of 
Bombyx mori. Sucrase activity was found to be highest and was present only in the outermost layer of the cocoon. 

The occurrence of enzymes capable of hydrolyzing disac- carbohydrates are found in salivary glands, gut and haemo- 
charides has been reported in different insect species 1. Most lymph r':. The presence of sucrase activity in liquid silk has 
of these enzymes involved in digestion and metabolism of been shown in Bombyx mori 3 and in Philosamia ricini 4. This  


