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ABSTRACT: A monolayer of poly(y-methyl L-glutamate) (PMG) was prepared by placing a solution of 
PMG dissolved in chloroform at an air-water interface. The area occupied by the monolayer decreased to 
form the solid condensed state of the PMG monolayer. An aqueous solution of potassium hydroxide was 
added in large excess to the aqueous phase beneath the solid condensed monolayer, and as a result, the y- 
methyl L-glutamate side chains hydrated in the aqueous phase were saponified. However, the residual side 
chains oriented into the air could not be hydrolyzed, yielding poly[ (y-methyl L-glutamatel-eo-(potassium 
 glutamate)]. The resulting polymer was washed with hydrochloric acid to produce an amphiphilic heli- 
cal copolypeptide, poly[ (y-methyl L-glutamatel-co-(L-glutamic acid)] (am.-MG/GA). Hydrolysis of am.- 
MG/GA by Staphylococcus aureus, Strain V8 protease, and gel filtration chromatographic analysis deter- 
mined that the sequence of am.-MG/GA forms an amphiphilic helix that is hydrophilic on one face (which 
consists of L-glutamic acid side chains) and hydrophobic on the opposite face (which comprises y-methyl 
L-glutamate side chains). The amphiphilic character of am.-MG/GA was evident from the high solubility 
of the copolypeptide in both polar and apolar solvents. 

Introduction 
In the area of membrane biology, rapid progress has 

been made in understanding the primary and secondary 
structures of integral membrane proteins, such as ion 
channels'-' and several kinds of recept0rs.8~~ Such stud- 
ies gave rise to the idea that the transmembrane por- 
tions of many membrane proteins consist of bundles of 
parallel a-helices oriented perpendicular to the mem- 
brane surface. Furthermore, each helix is generally 
believed to contain both hydrophobic and hydrophilic 
amino acid side chains, periodically arranged so that all 
side chains facing the outside are hydrophobic, while those 
on the inside are hydrophilic.6 Such amphiphilic mole- 
cules also provide effective reaction media, e.g., 
micelles'' and reversed micelles," which promote inter- 
facial reactions. I t  seems, therefore, that studies of chan- 
nel forming synthetic polypeptides may be important not 
only to the understanding of biological transmembrane 
channels but also to the development of a molecular basis 
for energy and/or information transfer systems and novel 
reaction media. 

We are reporting on a novel and simple technique for 
the preparation of an amphiphilic sequential polypep- 
tide whose a-helix is hydrophilic on one face and hydro- 
phobic on the opposite face. The method used in this 
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study involves the formation of a solid condensed mono- 
layer of poly(y-methyl L-glutamate) (PMG) at the air- 
water interface and the saponification of the PMG side 
chains hydrated in the aqueous phase, keeping the remain- 
ing side chains oriented away from the aqueous phase 
unreacted. 

This method can easily be applied to other polypep- 
tides carrying reactive side chains to produce unique a- 
helices having asymmetric character. Moreover, this 
method has the advantage that it permits simple and rapid 
production of such unique polypeptides regardless of their 
molecular weight, compared with traditional methods of 
synthesis of sequential polypeptides such as the acti- 
vated ester method.12'13 

Experimental Section 
Materials. Poly(?-methyl L-glutamate) (PMG). PMG was 

obtained by polymerization of the N-carboxy anhydride of L- 
glutamic acid y-methyl ester (kindly provided by Ajinomoto 
Co., Ltd.) in 1,2-dichloroethane solution with n-hexylamine as 
an initiator.14 The polymerization is as follows: the N-carboxy 
anhydride of L-glutamic acid y-methyl ester (3.00 g; 0.0160 mol) 
was dissolved in freshly distilled 1,2-dichloroethane (100 mL). 
The solution was stirred and 5.43 X mol of n-hexylamine 
(73 pL) added with stirring. The molar ratio of anhydride to 
initiator was 30. And then the solution was allowed to stand 
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24 h at room temperature. The PMG obtained was precipi- 
tated in dry methanol. The intrinsic viscosity of PMG in dichlo- 
roacetic acid was determined by using an Ubbelohde viscome- 
ter at 25 "C. A molecular weight of 9000 was estimated from 
the intrinsic viscosity by the equation15 [a ]  = 2.24 X 10-3M".58. 

Random Copolypeptide Consisting of y-Methyl L-G~u-  
tamate (MG) and L-Glutamic Acid (GA) (r-MG/GA). r- 
MG/GA was obtained as follows: the starting material, PMG, 
obtained in the previous section was dissolved in 1,2-di- 
chloroethane (6.0 wt %, 10 mL). A mixed solution of methyl 
alcohol, isopropyl alcohol, and 0.4 M NaOH aqueous solution 
(2:2:1 volume ratio, 18 mL) was added to  the solution with vig- 
orous stirring at 20 "C. Under these reaction conditions, a homo- 
geneous saponification of PMG was carried out for 10 h. The 
saponification of methyl ester side chains was confirmed by the 
high-resolution 'H NMR spectra (Varian XL-200 spectrome- 
ter) of the product (r-MG/GA) in trifluoroacetic acid (10 mg/ 
mL); i.e., the spectra showed the decrease in the peak at 3.9 
ppm associated with side chain OCH, groups. From the degree 
of the decrease in the OCH, peak area, the L-glutamic acid con- 
tent of the r-MG/GA was estimated to be 30 mol %. 

Preparation of a n  Amphiphilic Sequential Polypeptide 
Consisting of y-Methyl L-Glutamate and L-Glutamic Acid 
(am.-MG/GA). Our approach to prepare the amphiphilic sequen- 
tial polypeptide, am.-MG/GA, is outlined in Figure 1. A known 
amount of poly(y-methyl L-glutamate) (PMG) dissolved in chlo- 
roform was placed at the air-water interface in a hydrophobic 
vessel with a syringe. The solution spread over the interface 
and the solvent evaporated leaving the PMG monolayer. The 
area occupied by the monolayer was decreased by moving a hydro- 
phobic barrier to  form the solid condensed state of the mono- 
layer. When the area per monomer residue of PMG reached 
15 A2 (corresponding to the value denoted by an arrow on the 
surface pressure-area ( P A )  isotherm of PMG in Figure 2), 40 
mL of an aqueous solution of potassium hydroxide (KOH, 2.5 
M) was injected into the aqueous phase (1000 mL; KOH, 0.1 
M) beneath the solid condensed monolayer. The final molar 
ratio of KOH to y-methyl L-glutamate residues was lo5. After 
ca. 10 min, excess hydrochloric acid was added to convert the 
copolypeptide to its acidic form. The L-glutamic acid content 
of the resulting copolypeptide was estimated to be 34 mol % 
from an NMR analysis similar to that of r-MG,/GA. 

Methods 
Surface Pressure-Area Isotherm of PMG. The sur- 

face pressure of the spread PMG monolayer was mea- 
sured by the  Wilhelmy technique using a glass plate 
attached to  a sensitive torsion balance. T h e  surface pres- 
sure was determined with a precision of f4 x N/m. 
A Teflon trough (0.16 m X 0.90 m X 0.01 m) was filled 
with doubly distilled water, and  doubly distilled chloro- 
form was used as a spreading solvent. Spreading of PMG 
on the water surface was carried out  by applying 10 pL 
of a chloroform solution (0.5 mg/mL) of PMG with a 
Terumo microsyringe. Compression of the  monolayer was 
carried out successively. The  temperature of the  sub- 
strate, 25 "C, was controlled to  within 0.05 "C.  Figure 2 
shows a a-A isotherm for PMG obtained a t  25 "C. T h e  
limiting area per monomer residue of PMG was 17.5 A2. 
T h e  value calculated from X-ray diffraction measure- 
ments of a-helical PMG in solid films in which the  mol- 
ecules are packed hexagonally was shown to  17.9 I t  
was confirmed, therefore, tha t  the solid condensed P M G  
monolayer was compressed to  form an orderly array of 
a-helices lying flat a t  the  air-water interface. A similar 
result for the PMG monolayer has been reported by Shuler 
e t  al.16 

Gel Filtration Chromatographic Analysis. Staphy- 
lococcus aureus, Strain V8 protease (V8 Protease), which 
preferentially hydrolyzed peptide bonds on the carboxyl- 
terminal side of glutamic was purchased from 
Seikagaku Kogyo Co., Ltd.  T h e  amphiphilic sequential 
copolypeptide (am.-MG/GA, 1 mg) and random copoly- 
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Figure 1. Preparation of an amphiphilic sequential polypep- 
tide; shaded surface represents location of hydrophilic amino 
acid side chains and unshaded surface is hydrophobic. 
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Figure 2. Pressure-area isotherm for poly(y-methyl L-gluta- 
mate) at 25 "C. 

peptide (r-MG/GA, 1 mg) were incubated at 37 "C with 
500 pg of V8 Protease in 50 m M  sodium phosphate buffer 
solution, pH 7.8, for 24 h." T h e  total volume was 1 mL. 
After the reaction, the V8 Protease was removed by ultrafii- 
tration (Molecut I1 LPG, Millipore Co., Ltd.). The  iden- 
tification of the oligopeptides produced by enzymic hydrol- 
ysis was performed as follows: The  buffer solution, 20 
pL, containing oligopeptides obtained was applied to  a 
Wakopak WB-G-30 column (low-medium molecular weight 
range type,  i.d. 7.8 m m  X 300 mm, Wako-junyaku- 
kougyo Co. Ltd., Japan)  for gel filtration chromato- 
graphic analysis with a refractive index detector (RI-3H, 
Japan Analytical Industry Co., Ltd.). T h e  column was 
run upward at a flow rate of 0.5 mL/min (Model 655 
Liquid Chromatograph, Hitachi Ltd.). T h e  molecular 
weight of each oligopeptide fraction was determined by 
comparison with a calibration curve obtained by using 
different molecular weights of poly(ethy1ene oxides). 

Solubility of Polypeptides in Aqueous Solution. 
The amphiphilic sequential copolypeptide (am.-MG/ 
GA, 0.2 mg) and random copolypeptide (r-MG/GA, 0.2 
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mg) were incubated in a UV cell containing aqueous solu- 
tions at  various pHs (3 mL), respectively. The aqueous 
solubility of the polypeptides was followed by measur- 
ing transmittance at 700 nm on a spectrophotometer (Jasco, 
UVDEC-670) a t  25 "C, where the polypeptides have no 
absorption. As the measurements were carried out with- 
out stirring of the solution in the cell, an increase in the 
solubility of the polypeptide decreased the transmit- 
tance owing to scattering of light in the solution. Con- 
versely, precipitation of the polypeptide increased the 
transmittance to the level of pure solvent. 

Fluorescence Measurements. Quantitation of poly- 
peptide molecules in solution was carried out by a fluo- 
rescence technique using 7-chloro-4-nitrobenzo-2-oxa-1,3- 
diazole (NBD) as a probe. I t  is well-known that NBD, 
which itself is nonfluorescent, rapidly reacts with pri- 
mary amino groups yielding a useful probe that 
 fluoresce^.'^ As the polypeptides used in this study had 
no primary amino groups in their side chains, NBD could 
be introduced at  the amino-terminal end only. As a result, 
one molecule of the polypeptide was labeled with one 
NBD. A dimethylformamide solution (5 mL) contain- 
ing the original PMG or saponified PMGs at  a concen- 
tration of 1.4 X residue mol/L was incubated at  60 
"C with 10 pL of an ethanol solution of NBD (0.1 M) for 
1 min. The strong fluorescence could be observed with 
the resulting solution containing the polypeptide carry- 
ing NBD. The excitation wavelength of NBD at  the amino- 
terminal end of the polypeptides was 475 nm and the 
fluorescence was observed at 543 nm with a spectrofluo- 
rophotometer (Shimadzu Co. Ltd., FS-540) a t  25 "C. 

Circular Dichroism Measurements. CD spectra of 
PMG in trimethyl phosphate (TMP) and am.-MG/GA 
in TMP and aqueous solutions of pH 7.5, respectively, 
were measured with a Jasco, 5-40, spectropolarimeter. The 
secondary structure was estimated from the molar ellip- 
ticity, [e],. The concentration of polypeptide was fixed 
at  0.3 mg/lO mL. 

Results and Discussion 
Amino Acid Sequence Analysis. Despite the fact 

that a large excess of KOH was introduced into the aque- 
ous phase beneath the PMG monolayer to saponify PMG 
(Figure l) ,  NMR analysis showed that the resulting copoly- 
peptide contained only 34 mol % L-glutamic acid resi- 
dues. When the same amount of KOH was applied to 
the saponify homogenously PMG dissolved in 1,2- 
dichloroethane, y-methyl L-glutamate residues could be 
thoroughly converted to potassium L-glutamate along with 
some degradation of the polypeptide main chain. In order 
to clarify the possibility of peptide bond hydrolysis of 
PMG during the monolayer saponification, changes in 
the degree of polymerization after the reaction were esti- 
mated by a fluorescence technique. 7-Chloro-4-nitrobenzo- 
2-oxa-1,3-diazole (NBD) was introduced at  the amino- 
terminal ends of PMG (PMG*) and PMGs saponified 
under different monolayer conditions (saponified PMG*). 
I t  was confirmed that the fluorescence intensity of di- 
methylformamide solutions of PMG* and saponified 
PMG* was quantitatively proportional to the number of 
polypeptide chains per unit volume of the solvent. 

Figure 3a shows the relationship between the ratio of 
the fluorescence intensity of saponified PMG* saponi- 
fied for 10 min (I) to that of PMG* (IPMG) and the area 
per monomer residue of the PMG monolayer at which 

Of more 
the saponification was carried out. I / I ,  
than unity at monolayer areas over ca. 16 /residue imply 
that the cleavage of the PMG main chain occurred when 
the saponification was carried out. However, a t  an area 
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Figure 3. (a) Relationship between the relative fluorescence 
intensity of the saponified PMG*, saponified for 10 min, to that 
of PMG*, I / I P M  and the area per monomer residue of PMG. 
(b) Relationship%etween the relative fluorescence intensity, I/ 

, when the saponification was carried out at the area of 15 

corresponding to a solid condensed monolayer, 15 A'/ 
residue, PMG escapes peptide bond cleavage during the 
saponification. I t  was also confirmed that PMG did not 
suffer peptide bond hydrolysis even over a period of 10 
h when the saponification was carried out a t  the area of 
15 A2/residue (Figure 3b). 

Very recently, Kawaguchi et al." applied ellipsometry 
to investigate the behavior of polymer monolayers spread 
at  the air-water interface. They showed that a mono- 
layer thickness of PMG on the water surface is some- 
what larger than those of other hydrophobic polymers 
such as poly(methy1 methacrylate). The PMG mono- 
layer, therefore, seems to be only slightly penetrating the 
aqueous phase. This result may explain the rather small 
extent of saponification, 34 mol ?& , of the copolypeptide 
obtained (am.-MG/GA). Saponification of 34 mol % of 
the total side chains suggests the possibility that the y- 
methyl L-glutamate side chains within an angle of 120" 
(120"/360° = 1/3) on the cross-section of the a-helix rod 
(Figure 4) could be saponified along the helix axis. On 
the basis of Figure 4, a hypothetical sequence of am.- 
MG/GA can be written as 

ky residue and the reaction time. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
- (GAGAMGMGGAMGMGMGGAMGMGGAMGMGMGGAMGMG),- ( 1) 

where MG and GA denote y-methyl L-glutamate and L- 
glutamic acid residues, respectively. 

We attempted to determine the sequence of am.-MG/ 
GA by enzymic hydrolysis of the polypeptide with VS 
Protease. This enzyme specifically cleaves peptide bonds 
on the carboxyl-terminal side of glutamic acid." Based 
on the hypothetical sequence in eq 1, the hydrolysis of 
am.-MG/GA by VS Protease should yield unit sequences 
MGMGMGGA and MGMGGA and L-glutamic acid mono- 
mer, GA, as shown in eq 2. 

Figure 5 shows (a) a gel filtration trace of am.-MG/ 
GA hydrolyzed with V8 Protease and (b) a plot of the 
logarithm of the molecular weight of poly(ethy1ene oxides) 
against elution volume. The gel filtration trace had three 
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Figure 5. (a) Gel filtration chromatographic trace of the am.- 
MG/GA hydrolyzed with V8 protease. (b) Plot of the loga- 
rithm of the molecular weights of poly(ethy1ene oxides) against 
elution volume. 

V 8  Protease 

f G A ~  G A  j MGMGGA j MGMGMGGA i MGMGGA j MGMGMGGA j MGMG--~~~ - 
, I  
I ,  I ,  

MGMGMGGA + MGMGGA + GA (2) 

peaks indicating, as expected, that only three kinds of 
oligopeptides were generated in the hydrolysis of am.- 
MG/GA with V8 Protease. This result supports the pos- 
sibility that am.-MG/GA has a sequence given by eq 1. 
Furthermore, the molecular weights of the oligopeptides 
in Figure 5(a) could be estimated to be 575, 392, and 
132, respectively, from the calibration curve of poly(eth- 
ylene oxide) (Figure 5b). These molecular weights were 
rather close to those calculated for MGMGMGGA (5761, 

-4 

Figure 6. Circular dichroism spectra of polypeptide solutions: 
(- - -) PMG in TMP; (- - -) am.-MG/GA in TMP; (-) am.-MG/ 
GA in aqueous solution at pH 7.5. 

MGMGGA (4331, and GA (147), respectively. On the other 
hand, the gel filtration trace of r-MG/GA (a random 
copolypeptide consisting of 30 mol % L-glutamic acid and 
70 mol % y-methyl L-glutamate) was quite different (the 
trace was not shown) from that of am.-MG/GA shown 
in Figure 5a. That is, the gel filtration for r-MG/GA 
showed broad peaks over a range of the molecular weight 
from 700 to 140. This means that the hydrolysis of r- 
MG/GA by V8 Protease yields a series of oligopeptides, 
(MG),GA (n = 0-4), including luck components in the 
hydrolysis product of am.-MG/GA. The results, there- 
fore, confirm that am.-MG/GA obtained by the saponi- 
fication of PMG (Figure 1) has the sequence shown in 
eq 1. 

Secondary Structure of Polypeptides. The CD spec- 
tra of PMG and am.-MG/GA are shown in Figure 6. CD 
spectra of trimethyl phosphate (TMP) solutions of PMG 
and am.-MG/GA showed that the two polypeptides exhib- 
ited similar values of [d],,, associated with a stable right- 
handed a-helix in TMP. This suggests that racemiza- 
tion did not occur during the saponification. Further- 
more, am.-MG/GA has an a-helical conformation even 
in an aqueous solution at  pH 7.5. The helix content esti- 
mated was 38%. Epand et  al. have reported21 that 
amphiphilic polypeptides, whose helix content is ca. 40%, 
self-associate in an aqueous solution. It was also con- 
firmed that r-MG/GA was not soluble in an aqueous solu- 
tion (vide infra). These results suggest, therefore, that 
am.-MG/GA has an amphiphilic a-helical structure, which 
results in an increase in the solubility of the polypep- 
tide. 

Solubility of Polypeptides. Figure 7 shows the pH 
dependence of the transmittance of aqueous solutions con- 
taining am.-MG/GA and r-MG/GA. Since all solution 
of r-MG/GA precipitated a t  the bottom of the UV cell, 
the transmittance of the aqueous solution was almost the 
same as that of pure water over the pH range from 4.0 
to 8.5. The insolubility of r-MG/GA is attributable to a 
large number of hydrophobic MG residues. 

The transmittance of the aqueous am.-MG/GA solu- 
tion, however, decreased above pH 6.3, owing to an increase 
in the solubility of am.-MG/GA (scattering of light) in 
the aqueous solution above neutral pH, even though the 
content of the hydrophobic MG residue of am.-MG/GA 
is almost the same as that of r-MG/GA. 

To understand the mechanism of dissolution of am.- 
MG/GA into water, the temperature dependency of the 



Macromolecules, Vol. 23, No. 2, 1990 

7c 

r-70130 MGIGA T 
am.-MGIGA 

4.0 5.0 6.0 7.0 8.0 9.0 

PH 

Figure 7. pH dependence of the transmittance of aqueous solu- 
tions containing am.-MGIGA and r-70130 MGIGA. 
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Figure 8. Temperature dependence of the optical density of 
am.-MG/GA in aqueous solution at pH 7.5. 

optical density of am.-MG/GA in an aqueous solution 
was studied at  pH 7.5 (Figure 8). The logarithm of the 
optical density of an aqueous solution containing am.- 
MG/GA decreased with increasing temperature, indicat- 
ing that the dissolution of am.-MG/GA into water is exo- 
thermic. The value of AH was estimated to be -3 kcal/ 
mol. This result implies that  am.-MG/GA takes an 
energetically favorable structure in the aqueous phase, 
similar to surface-active agents and/or “polysoaps”, to 
avoid the polar-apolar interactions between water and 
the hydrophobic side chains of am.-MG/GA. In addi- 
tion, am.-MG/GA was highly soluble in chloroform, di- 
methylformamide, and trimethyl phosphate, thus con- 
firming the amphiphilic character of am.-MG/GA. 

These results are consistent with the hypothesis that 
am.-MG/GA has a unique sequence given by eq 1 and 
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thus forms an amphiphilic a-helix, i.e., a helix that is 
polar on one face and apolar on the opposite face as is 
shown in Figures 1 and 4. 

The channel-forming activity of am.-MG/GA in a lipid 
bilayer membrane is under investigation. 

Acknowledgment. Measurements of the surface pres- 
sure-area isotherm of a PMG monolayer were per- 
formed at the laboratory of Professor A. Takahashi, Mie 
University, Japan. We express our gratitude to Profes- 
sor A. Takahashi and Associate Professor M. Kawagu- 
chi, Mie University, Japan, for their expert technical assis- 
tance and Associate Professor T. Yamane, Nagoya Uni- 
versity, Japan, for helpful comments on enzymic hydrolysis. 
We extend our gratitude to Professor D. A. Tirrell, Uni- 
versity of Massachusetts, for helpful comments on the 
manuscript. We also acknowledge the financial support 
of a Grant-in-Aid from the Japanese Ministry of Educa- 
tion, Science & Culture. 

References and Notes 
(1) Magdalene, T.; Daniel, C. T. Biophys. J .  1981, 36, 109. 
(2) Finkelstein, A.; Anderson, 0. S. J. Membrane Biol. 1981,59, 

1.55. 
(3) Robert, 0.; Frederic, M. R. Nature 1982, 300, 325. 
(4) Guy, H. R. Biophys. J .  1984,45, 249. 
( 5 )  Sylvie, F. C.; Alberte, P. Biochim. Biophys. Acta 1986, 860, 

16.5. 
(6) MLoji, K. D.; Raghothama, S.; Balaram, P. Biochemistry 

(7) Birdi, K. S.; Gerod, V. S. Colloid Polym. Sci. 1987, 265, 257. 
(8) Moor, J. F.; Stroud, R. M. Proe. Natl. Acad. Sci. U.S.A. 1984, 

(9) Blasie, J. K. Biophys. J .  1972, 12, 191. 

1986,25,7110. 

81, 155. 

Chen. 1987,52,5167. 

phys. Res. Commun. 1987,148,1151. 

(10) Cerichelli, G.; Grande, C.; Luchetti, L.; Mancini, G. J .  Org. 

(11) Constantin, C.; Aristotelis, X.; Athanasios, E. Biochem. Bio- 

(12) Bodanszky, M.; Vigneaud, V. J. Am. Chem. SOC. 1959,81,5688. 
(13) Flouvet, G.; Vigneaud, V. J .  Am. Chem. SOC. 1965,87, 3775. 
(14) Bamford, C. H.; Elliott, A.; Hanby, W. E. Synthetic Poly- 

(15) Nakajima, A.; Tanaka, S. Polymer Preprints, Japan 1968,17, 

(16) Shuler, R. L.; Zisman, W. A. Macromolecules 1972,5487. 
(17) Drapeau, G. R.; Boily, Y.; Houmard, J. J. Biol. Chem. 1972, 

(18) Ryden, A. C.; Ryden, L.; Philipson, L. Eur. J .  Biochem. 1974, 

(19) Ghosh, P. B.; Whitehouse, M. W. Biochem. J.  1968,108, 155. 
(20) Kawaguchi, M.; Tohyama, M.; Takahashi, A. Langmuir 1988, 

4, 407. 
(21) Epand, R. M.; Gawish, A.; Iqubal, M.; Gupta, K. B.; Chen, C. 

H.; Segrest, J. P.; Anantharamaiah, G. M. J .  Biol. Chem. 
1987,262,9389. 

Registry No. PMG (homopolymer), 25086-16-2; PMG (SRU), 
25036-43-5; r-MG/GA, 66844-09-5; L-glutamic acid 7-methyl ester 
N-carboxy anhydride, 1663-47-4; protease, 9001-92-7. 

peptides; Academic Press: New York, 1956. 

473. 

247,6720. 

44, 105. 


