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          Table 1-1. Distribution of RNA in membrane fraction. 

Reference RNA in membrane (Z) Strain Condition of preparation 

1953 Weibull28) 15 B. megaterium KM 

1961 Godson et al29) 50 B. megaterium KM early log phase cells, 

                                                                   lysozyme treatment at 30°C 

1963 Schlessinger22) 33 - 50 B. megaterium KM log phase cells, grinding 

                                                                   with alumina or lysozyme-

                                                                       DNase treatment 

1965 Yudkin and Davis30) 25 B. megaterium KM lysozyme-DNase treatment 

                                                                            at room temperature 

1965 Schiessinger et al 21) 60 B. megaterium KM log phase cells, lysozyme-

                                                                   DNase treatment at 20°C 

1966 Aronson31) 42 B. megaterium KM lysozyme-DNase treatment 

                                                                       at room temperature 

1968 Gonzalez32) late log 70 B. stearothermo- lysozyme-DNase-DOC treat-

                     late stationary 10 hp ilus 1503-4R ment 

1969 Coleman 33) 37 B. amylolique- log phase cells, lysozyme-

                                                faciens DNase treatment in N2 gas 

                                                               at 30°C 

1970 van Dijk-Salkinoja et al 34) 96 B. licheniformis log phase cells, lysozyme-

                                                               Brij 58 treatment at 0°C 

DOC: sodium deoxycholate









Fig. 1-1. Fractionation 

of crude membrane fraction 

by discontinuous sucrose 

gradient centrifugation. 

One ml fractions were 

collected by aspirating 

the liquid from the bottom 

of the rotor tube after 

centrifugation at 10,000 

xg for 60 min. The figure 

of rotor tube shows the 

positions of the top, 

bottom and interphase. 

.0, DNA; 0, RNA; A, protein; 

A , 14C glycerol.





Fig. 1-2. Activities of crede and purified membrane fractions 

in incorporating 14C amino acids into hot TCA-insoluble frac-

tion. A, concentrations of crude membrane fraction, purified 

membrane fraction and s-30 in the reaction mixture were 1 mg, 

0.2 mg and 1.4 mg protein/ml, respectively. 0, crude membrane 

fraction and s-30; 0, purified membrane:. fraction and s-30; A, 

crude membrane fraction without supernatant fraction; •, 5-30. 

B, concentrations of purified membrane fraction, s-30 and s-105 

in the reaction mixture were 0.25 mg, 2.5 mg and 1.3 mg protein 

/ml,respectively. 0, purified membrane fraction and s-30; A, 

purified membrane fraction and s-105; A, s-105 without membrane 

fraction. Other experimental conditions were as described in 

the Materials and Methods of Chapter 1.



1Zi,Ie 1-2. Characteristics of 14C amino acids incorporation by 

     cell-free system. 

                    Addition or deletion Incorp. (X) 

                                                     Exp. I Exp. II 

  Complete 100 100 

             - membranes 0 

                - s-105 or s-30 0 0 

               - ATP,GTP,PC* and PC*kinase 0 0 

            + KCN (100p g per ml) 86 108 

              + chloramphenicol (100/,g per ml) '13 15 

             + puromycin (50,ag per ml) 14 

              + rifampicin (10 ,,ag per ml) 85 

             + actinomycin D (10,ag per ml) 77 97 

   Complete reaction mixture contained s-30 in Exp. I and s-105 in Exp. 

   II. Reaction mixtures were incubated at 30°C for 60 min. The amounts 

   of 14C amino acids incorporated into the hot TCA-insoluble fraction in 

   complete reaction mixtures of Exp. I and Exp.II were 9,500 cpm per ml 

   and 5,440 cpm per ml, respectively. *Phosphocreatine



Fig. 1-3. Effect of pH on 14C amin 

acids incorporation into hot TCA-in 

soluble fraction. Protein contents 

of purified membrane fraction and s 

105 in the reaction mixture were 1 

mg/ml and 1.6 mg/ml, respectively. 

Incubation was conducted for 60 min 

For details see Fig. 1-2.

Fig. 1-4. Effect of Mg ++ concent-

ration on the activity of 14C amino 

acids incorporation into hot TCA-

insoluble fraction. Incubation was 

conducted for 60 min. For details 

see Fig. 1-2.



Fig. 1-5. Dependence of 14C 

amino acids incorporation into 

hot TCA-insoluble fraction on 

the amount of s-105. Reaction 

mixtures contained 750 pg protein 

/ml of purified membrane fraction 

and 3.4(0), 0.85(13), 0.43(,&) mg 

protein/ml of s-105. Other 

experimental conditions were as 

described in the Materials and 

Methods of Chapter 1.



Fig. 1-6. Dependence of 14C amino acids incorporation into 

hot TCA-insoluble fraction on the amount of membrane fraction. 

Reaction mixtures contained 2.5 mg protein/ml of s-105 and 

500(0), 250(0), 125(13) and 65(A) j.tg.'protein/ml of purified 

membrane fraction. Other experimental conditions were as 

described in the Materials and Methods of Chapter 1.



Fig. 1-7. Protein synthesis resumed by the addition of puri-

fied membrane fraction. Reaction was started with 650 ig 

and 2.5 mg protein/ml of purified membrane fraction and s-

105, respectively (9). After 35 min of incubation, 1.2 mg 

protein/ml of purified membrane fraction were added (0). 

Other experimental conditions were as described in the Materials 

and Methods of Chapter 1.













Fig. 2-1 A. Sedimentation pattern of ribosome and its sub-

units. Ribosomal suspension was centrifuged through a 5 -

20 % linear sucrose gradient made up in standard buffer I at 

25,000 rpm for 4 hr. Fractions of three drops were collect-

ed from the bottom and absorbance at 260 nm was measured 

after dilution to 3 ml. B. Stimulation of polyuridylic acid 

directed 14C phenylalanine incorporation by ribosomes. 0, 

reaction mixture with ribosomes and polyuridylic acid; •, 

reaction mixture without polyuridylic acid; C], reaction 

mixture with 30 A260 U of s-30 instead of ribosomes and poly-

uridylic acid. Other experimental conditions were as describ-

ed in the Materials and Methods of Chapter 2.



Fig. 2-2. Stimulatory action of 

ribosomes on 14C amino acids 

incorporation into hot TCA-insoluble 

fraction. 0, complete reaction 

mixture; 100 (13) and 20 (A) A260 

U of ribosomes were added to the 

complete reaction mixture. 

Other experimental conditions were 

as described in the Materials and 

Methods of Chapter 1.

Fig. 2-3. Dependence of 14C amino 
acids incorporation into hot TCA-

inaoluble fraction on the amount 

of ribosomes. Reaction mixture 

containing various amounts of 

ribosomes indicated was incubated 

for 60 min. Other experimental 

conditions.were as described in 

the Materials and Methods of 

Chapter 1.



Fig. 2-4. Effect of ribosomes 

added to the complete reaction 

mixture on the 14C amino acids 

incorporation. 0, complete re-

action mixture; 13, complete re-

action mixture added with 100 

A260 U ribosomes at 0 time of 

reaction; •, complete reaction 

mixture added with 100 A260 U 

ribosomes after 30 min of 

incubation.

Other experimental conditions were as described in the Materials 

and Methods of Chapter 1.



Fig. 2-5(left). Effect of TMP on 14C amino acids incorporation 

into hot TCA-insoluble fraction by intact cells. Reaction mix-

ture containing 40 mg wet weight/ml of exponentially growing 

cells, 10 mM Tris-HC1 buffer, pH 7.6, lOmM Mg(CH3COO) 2, 60 mM 

NH 4C1, 0.05 mM each of 20 unlabeled amino acids, 2 pCi/ml of 
14C amino acids mixture was incubated at 30°C and radioactivity 

in hot TCA-insoluble fraction was measured as described in the 

Materials and Methods of Chapter 1. 0, absence of TMP; 0, pre-

sence of 50 pg/ml TMP at 0 time. 

Fig. 2-b(right). Effect of TMP on 14C amino acids incorporation. 

0, complete reaction mixture; A, presence of 50 pg/ml TMP and 

500 jig/ml fTHFA; A, presence of 50 vg/ml TMP. Other experiment-

al conditions were as described in the Materials and Methods of 

Chapter 1.



Table 2-1. Effect of TMP and fTHFA on 14C amino acids incorporation 

by membrane fraction at different concentration of Mg ++. 

  ++ 14 M
g (MM) C amino acids incorporated during 60 min incubation (CPM/ml) 

           membranes plus s-105 from membranes plus s-105 from 
           TMP untreated cells TMP treated cells* 

          none presence of TMP none presence of £THFA 

5.0 800 200 480 1,000 

 7.5 2,400 2,700 

10.0 5,750 6,500 3,750 4,660 

15.0 7,780 

* Cells were incubated with 500 pig/ml of TMP at 30°C for 5 min just before 

lysozyme treatment, then s-105 was prepared as described in the Materials 

and. Methods. 

  Concentrations of TMP and fTHFA in the reaction mixture were 50 Vg/ml 

and 500 pg/ml, respectively.



Fig. 2-7. Dependence of 14C amino acids incorporation on 

formyl donor at different concentration of Mg-F+. 

 •, complete reaction mixture; 0, presence of 100 A26O U 

ribosomes; 0, presence of 100 A26O U ribosomes, 50 pg/ml 

TMP and 500 pg/ml fTHFA; 0, presence of 100 A26O U ribo-

somes and 50 jig/ml TMP. Other experimental conditions 

were as described in the Materials and Methods of Chapter 1. 

   Table 2-2. Effect of TMP and fTHFA on 14C amino acids incorporation 
   by membrane fraction and s-105 or by s-30 at different concentration 
   of Mg .• 

   System Mg (mM) 14C amino acids incorporated during 60 min (CPM/ml) 

                          none TMP fTHFA+TMP 

   Membranes 10 5,750 6,550 5,000 
   + s-105 5 800 480 1,000 

   s-30 10' 75,030 77,010 40,730 
              5 5,390 3,070 5,700 

   Concentrations of TMP and fTHFA in the reaction mixture were 50 pg/ml and 
   500 pg/mi, respectively.



Fig. 2-8. Sedimentation analysis of the cell-free system of 

protein synthesis. Reaction mixtures were incubated at 30°C 
for 30 min under various conditions indicated below and were 

centrifuged through a 15 - 30 % linear sucrose gradient on a 

60 % sucrose shelf at 20,000 rpm for 4 hr. Fractions of three 

drops were collected from the bottom and absorbance at 260 nm 

and radioactivity in hot TCA-insoluble fraction were measured. 

Reaction mixture used for 0 time control did not contain ATP, 

GTP, phosphocreatine and phosphocreatine kinase to prevent 

the starting of the protein synthesis. A, 0 min reaction; B, 

30 min reaction; C, 30 min reaction with 100 A260 U ribosomes; 

D, 30 min reaction with 100 Vg/ml chloramphenicol; E, 30 min 

reaction with 50'.pg/ml puromycin. Sedimentation is from right 

to left and the arrow shows the position of 70s rib osomes. 

0, A260; 0, 14C amino acids incorporated.



Fig. 2-9. Sedimentation pattern 

of reaction mixture incubated 

for various periods indicated 

below. Centrifugation and 

fractionation procedures were 

as described in Fig. 2-8. 

A, 5 min; B, 15 min; c, 30 min; 

the amounts of 14C amino acids 

incorporation were 5,500, 9,530 

and 9,540 CPM/ml, respectively. 

The arrows show the positions 

of 70s, 50s and 30s ribosome 

and its subunits from the bottom. 

0, A260; 0, 14C amino acids 

incorporated.



Fig. 2-10. Sedimentation pattern 

of dissociated ribosomes. Suspension 

of ribosomal subunits was centri-

fuged through a 5 - 20 % linear 

sucrose gradient made up in the 

low Mg 4+ buffer at 25,000 rpm for 

5.6 hr. Fractions of three drops 

were collected from the bottom and 

absorbance at 260 nm was measured 

after dilution to 3 ml.



Fig. 2-11. Sedimentation pattern 

of fractionated ribosomal subunits. 

Centrifugation and fractionation 

procedures were as described in 

Fig. 2-10.



Fig. 2-12. Effect of ribosomal 

submits on the cell-free protein 

synthesis. 0, complete reaction 

mixture; 0, presence of 64 A260 U 

30s subunits; 0, presence of 150 

A260 U 50s subunits; •, presence 

of 32 A260 U 30s and 75 A260 U 

50s subunits. Other experimental 

conditions were as described in 

the Materials and Methods of 

Chapter 1.















Table 3-1. Purification of a-amylase 

                Total Total Specific 
Process activity volume activity Yield 

              (units x 10-4) (ml) (units/A280) (%) 

Culture filtrate 60.0 500 47.6 100 

Heat treatment 55.5 500 47.0 92.5 

Starch adsorppion 
and dialysis 39.7 800 400.0 66.2 

Duoleit A-2 29.3 900 1
,670 48.9 

(NH ) SO precipitation 
and4dialysis 15.4 10 5,360 25.7





Fig. 3-1. Effect of fusidic acid on enzymes formation and 

protein synthesis. To the culture of 5 hr age in the basal 

medium, various amounts of fusidic acid were added and 

incubation was continued. Samples were yaken at intervals 

of 30 min and cell growth (A), a-amylase formation (B) and 

protease formation (C) were analyzed. To the cell-free 

system of protein synthesis containing membrane fraction 

and s-105, various amounts of fusidic acid were added 

and radioactivity of 14C amino acids incorporated into hot 

TCA-insoluble fraction was measured as described in the 

Materials and Methods of Chapter 1 (D). 0, absence of fusidic 

acid; •, 5 jig/ml; 0, 10 pg/ml; A, 50 pg/ml; v, 150 Vg/ml fusidic 

acid.



Fig. 3-2. Effect of fusidic acid 

on sedimentation pattern of the 

cell-free system of protein synthe-

sis. Reaction mixtures were centri-

fuged through a 15 - 30 % linear 

sucrose gradient on a 60 % sucrose 

shelf at 20,000 rpm for 4 hr and 

fractionated as described in the 

Materials and Methods of Chapter 2. 

A, 15 min reaction with 10 vg/ml 

fusidic acid; B, 15 min reaction 

with 50 pg/ml fusidic acid; the 

amounts of 14C amino acids in corpo-

rated into hot TCA-insoluble frac-

tion were 1.600 and 1.400 CPM/ml.

respectively. Sedimentation is from right to left and the 

arrow shows the position of 70s rib osomes. 0, A260; •, 14C 

amino acids incorporated.



Table 3-2. Characteristics of mutants. 

Cells were cultivated at 30°C for 24 hr in the basal medium and 

enzyme formation and cell growth were measured. Halo formation 

and resistance to enviromental stress were observed after 24 hr 

of plateculture. 

Strain KA63strR AL222 AL233 AL267 AN302 AN801 

Cell growth (A660) 6.6 4.3 7.2 3.0 3.0 3.0 

Enzyme formation 

  a-Amylase (U/ml) 460 26 ND ND ND ND 

  Protease (U/ml) 823 418 373 158 487 

Halo formation ++ + + + - -

Resistance to 
enviromental stress* 

  DOC (0.05 %) - + + + + 

  EDTA (3x10 3 M) + + + - - -

  pH 4 + + - - -

ND: not detectable. 

* Cell growth was checked after 24 hr of culture on agar plate 

containing the basal medium added with DOC or EDTA as indicated 
or HC1 to pH 4; +, well growth; +, variable; -, no growth. 
Other experimental methods were as described in the Materials 
and Methods.



Fig. 3-3. Time course of a-amylase and protease production 

by KA63 and AL222. Cells were cultivated at 30°C with shak-

ing and cell density and enzyme activities were measured 

periodically. 0, cell density; A, a-amylase activity; 0, 

protease activity; open symbols, KA63; closed symbols, AL222.



'Fig . 3-4. Double diffusion test for anti-amylase serum. Four 

ml of 1.5 % agar in 50 mM veronal buffer, pH 8.6 was charged 

on a microscopic slide. Four to five pl of antiserum was 

placed in the center well, and same volume of various solutions 

indicated below was placed in other wells. Diffusion was 

carried out overnight to form arcs of specific precipitates. 

The slide was washed with 0.85 % NaCl solution for 24 hr to 

remove the remaining soluble protein, then dried and stained 

with amido black. 1,3,5, 100 pg/ml of KA63 a-amylase; 2,4, 

100 lag/ml of bacterial a-amylase; 6, lysate of KA63 cells by 

osmotical disruption after lysozyme treatment as described in 

the Materials and Methods of Chapter 1.



Fig. 3-5. Quantitative precipitation curves for anti-amylase 

serum. A 0.5 ml of a-amylase solution was mixed with the same 

volume of antiserum, then incubated at 37°C for 60 min and 

stored at 4°C for a few days. The amount of protein in immuno-

precipitates was determined. 0, KA63 a-amylase; 0, bacterial 

a-amylase.



Fig. 3-6. Double diffusion test for AL222 a-amylase. Method 

was as described in Fig. 3-4. 1,3,5, 50.pg/ml of KA63 a-

amylase; 2,4,6, AL222 a-amylase solution, as 20 times concen-

trated as that in culture filtrate of 2 4 hr age by 0.7 saturat-

ing (NH4)2504 precipitation after heat treatment according to 

procedures in the Materials and Methods of Chapter 3.

 Fig. 3-7. Neutralization of a-

 amylase with anti-amylase serum. 

 A 0.5 ml aliquot of enzyme solu-

 tion containing 250 U was incubat-

 ed with various amounts of the 

 antiserum at 40°C for 60 min. 

 The remaining activity was deter-

 mined. Both enzyme solutions 

 were same as used in Fig. 3-6. 

 0, KA63; ®, AL222.



Table 3-j In vitro synthesis of a-amylase. 

        The amount of radioactivity in hot trichloroacetic acid-insoluble 

       material was measured after 60 min incubation at 30°C in complete reaction 

       mixture. Reaction mixture of s-30 cell-free system contained 1.4 - 1.5 

       mg protein per ml of s-30 extract instead of membranes and s-105 extract. 

                                  The amount of radio-

                                activity in hot tri- The amount of radio-

                                  chloroacetic acid- activity in immuno-

   Strain Exp. insoluble material precipitate Recovery 

                               (A) (B). (B/A) 

                             (cpm/ml) (cpm/ml) (%) 

   KA63 1 membrane 15,080 2,600 17.2 

                   s-30 49,810 360 0.7 

              2 membrane 9,890 1,600 16.2 

                   membrane* 4,050 2,560 63.2 

                   s-30 35,780 600 1.7 

   AL222 3 membrane 18,100 ND** -

                   s-30 59,360 ND** -

       * Membranes from 6 hr culture cells in maximal producing phase of a-amylase. 

      ** Not detectable.
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