
Title ゾウリムシにおける温度受容電位

Author(s) 豊玉, 英樹

Citation 大阪大学, 1981, 博士論文

Version Type VoR

URL https://hdl.handle.net/11094/1922

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKAThe University of Osaka Institutional Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

The University of Osaka





Thermo-receptor potential in Paramecium

                   by 

               HIDEKI TOYOTAMA 

Department of Biophysical Engineering 

Faculty of Engineering Science 

Osaka University 

This paper has been submitted in partial fulfillment 

of the requirements for the Degree of Doctor of 

Engineering at Osaka University. 

Thesis supervisor: Professor Fumio Oosawa 

                   March 19 81









































コL結 果

工.4さ 重力解 末町 P初0し1ガ}η ノorりη〃し6Z磁プ「㍑〃し の ♪易L感 ノ'生

肉 端1がz5・d、 加 ℃ に τの て ・喝 遍.復 勾 配 の あ る..

7。一1レ の マ1⊂.ゑ7η`ル ノナノ;肋ノcroノ ～μ(っ1εユれ{勧レ ε ノ〉＼ レし る と二、一一一/,分・.痘

:乙/分 で 、 樗 と ん ビ の ゾ 境ウーリム シ.が ・….Zlダ ・d.の 迫 ンく1=∵ 集.手 ㌧

た.(図6)

灘
溌
爆
難

躍
購

図625・Cの 偵,1艦,壕}・Lい 苔 ソ●・うリム シ 。

λ ～・Cτ 埣 篭 しτニ ゾ う リム シ 乞 方 瑞 イつ ～σG,}

紳 が2・・。じ 側 う1埴 棚 なラ副

蘭 眺 ・・… フ㌧旧 八 鵬1

ρ1ご 飢 畝 れ、恥 の 場 倉 σ.垢 誉 液.の 組 威 ヤ 、垢 濠〉弓

時 期 ド 」 穴 集3・ τつ り 、 徐 渉 ら 才♂ む・・丁つリ4る 。

ρ 伽猛1ナ伽 じ砂肱oセ 乱枇%の 場 ・念1二1渉 、 垢 養 森 停 に 手 う

ず よ く 集 豹1、 その 壕 手 ろ ネ呈 像 毛 、 ρ6醐 ん諏 拠 り...

場 ノ詮 に 民 ・ぐZ量 貢 箔 で あ フτくピ,

2伽 κ/ナノ吻ノo脚 μ乙!2娩 〃し1ぴ.急f♂ 温 復 変 ろζ に 対 す る一

応 疹 亙 強 く 示 レ た.厩 ラ隼 垢 液 車 乃タOdで ＼ オ 向

復 換 り 頻 震一 チ、 一毎 利Zo,03回 ゼ あ ソ、 ρ(伽 癩 畝 〃し

1又 民 べZ小 、アい 。 レカ・レ・ 温 復 が 乃プd倒 卵 ・,て

急B!下 がlj・ な{ラめ う と 、 方 飼 変 ・操 屍 》 隻 ほ 急 激

ヒ 瑠 加 レ!0秒 ・後{U乎_毎 妙 約 μ タ 画 に 弓 ・τ%





1

TEMPERATURECHANGE

(250C一 一∋レ200C)

、

鍵
灘
灘
灘

灘
灘
難

図 ワ

beforetemp.change

濯 寝 の 鯵 要 じ 対 勢 煮じ

zぢ・ω ・ら 下・で踊1伍)

afterユ5sec。

器(霧 歩z条 レの就 跡 写真)

レ 卿 七じ 向 わZ下 げ脆 規 う・;匹 神 復 ㈲ の軌 跡 。

TEMPERATURECHANGE

(200C一 ∋ヨレ250C》

灘
雛
難
灘

鱗
ー

■

beforeヒemp●chanqeafter15sec
.

zoσ しに 箔 も箔 い働 ・～け の と,2写 ・Cl・向 ヵ㌧乙レ 、ギ痴 択 り・ζ1～ 秒 後 伍)・ 耽 跡 。お 塑





r-i 

0 
.ri 
4-) 

        1.0 
ro 0 

4-4 
0 

>1 0 .3 0 -

   a) 

        0.1 ~-4 
rT,

250C 
230C 

170C 7

I I I I

0 20 40 60 

time (sec.

      2 2 3 *C (0), A IIX 
       17 C. CA) M lo :5111an A

A 

t 

                 Ce z 
            V7 'm L'It-i nl; C)"C>/Z 14 C lea f44 kl~~ 

                            pal 2t,~m,,m i,,\ 
      4- 1 Of Pal k i4 

                                             L, -,o - 1'. C- 0- C iz 'I-

                 Zttl- a) M Cez )7o 
              77-' 

           4 -Ir L, r z 

                                 , 31 
V~w 

A i r- ri, A i I P 
 P, Ca aaa-tu i 

           11'a IN 5A

22

















omv

-P 
   -1 Omv 

-P 
0 
04

  -20mV 

~4 

  -30mV

0.1 1 
KC1 (MM)

100

                                                                      1
,5 109 

                 42 0 T- 11) 17

   -10mv 
.H 
4J 

-P 
0 
04 -20mv 

  -30MV [7 

                0.1 1 10 

                   CaCl 2 (MM) 

              542

30







It i -rL I I I- ~ ( 0%17 )

11111

P. caudatum

-,~ I
iiF-., Pill

11

            

1 
11 

fit I i--,,

         

I 4f 
   j~-j. -171; j:t~j       . P-11 mi

ldiw type

-41 '1 '  W, i i FT11"

Fill
ri

1 ~;! : - 1-~

L

Pill

Ej -NAOE INSTRU~VITS COa~
tirt, -~, alIM-111, All 

~.QT 1,0 Z...

   ri 1-H il:; 1:T! 1!1 

   ,.c_ PA

        CNR

L

till , I'l

I 

0

a "TAr,.qF ~s

  17 
   -TTI

                         5-C 10mV 

                  30s 

mutant 

  -zip, ~HN-H !=-,-I i

   Ll L' 

IT

1'0 !:1

  17.- ~T-

I

Ha=--
Zli 
41! JIF

'A t,-ANe~
1 i - ,, 1- 1,

~ -a-
ril

IF-

I

P!
in 
'121 il

i IF - - I mw
rl,l Joli,

: " 1, 111'1PH 1~ 1 0 . t
CIIART ~ PZ-1-3.

50C

6111

10mv

30s

I 

             tyFe iDy C-N P, -mL4f a vit I -ki 
Z-5-6 T- 2.(;*(- vs 2-DOC A a) 

0 

                                             -2 F~' C-N R                   +/ 
 -6,- - T=

33







4J 

~4 
~4 

ro 
~4 

4-4 
0 

r-i 

124

1. OX10

0.5xlO

oi- 19

-10

-10

Hv t a n~k 
  -u 

   (, v ; 2,0

     3.0 10 30 100 

       KC1 (mM) 

2,0' L ir t--

4-) 

~4 

ro 
p 

.H 

t~-: 
0 

(1) 
0

1. OX10
-10 

A

o.5xlO-lo

W 2-0

I I I I I I I I I 
    0.1 0.3 1.0 3.0 10 

              CaCl 2 (MM) 

          2- a I a q, ~ , 4-- -~ ~- -, c: 7i; T-
            D oc-

36























      A - ~? ~~ T-- -A 1 ~ ~ - A R 11. z 10 
      IV ~ . A~ 1, QZ x \- r - tr- -F -, - E ~ ~ A 
   IL -Z /0 m Tri s - Iq c pH 7. 3,9- ;-~li P I z 4 L,-

                   _3 pE )JR 1~ p_7                                                                                                                               .., 

                                                        z ~-,Od z       < OT PAI- t, 
3 Pol jtT54,X- r~ -~O L.-r-, P F- 01 jl~ 
Al -tit                                                pal L- -r- i 

                          3 1 u     1, 5-0 7o -F--- - R - 0, PI 
                                  Z\Ilk. ALA t/46(z                  L, -r-z P E t -s-, e z 

      o-T, Vol -r- All 
                                                            o 11v wL    T~ ohyl~ 7 L

ii -~L 3-) Ll M-1 It ft.-~Vl 1 J7- 0) 11

0 

ro

        fil- -~- :50 It 4 3 -f~ n 6) ̀ 1-1 

T~ Z 

   ?3 

                                       71(

-0 

0

0

g

F

0

9

0

0

i 

lomm

00
0 

               1-11 

~~50 r

30mm

m

liq 13 ~E L ts, 

W; 

LF IL

I

47



                                   12 

     uq a 1~ 

                            Apparatus for treasurinp electrical 

                              characteristics In the two-comportivent 

                              system 

                                 Em 

                                              out 

         water EYE wate r 
                                      in outin

71r

0 U t

L 
AE~lin out

F---"

F I I I

   M.- Lipid-ImPrec-noted filter membrcne 

   E: ACIF AOCI electrode 

    14- Q --, r,

                                                                                                                                                                               - 'I~j 

                                 In        r--Tv tj 

               7\'~ 6 A 00 1 T 
JA -~, A 1 

                                                                           ~r OL 
                ;r 

            -z-

       T~z S- H-L I Cr6 P 4 

       "X\

48





0mv

4~ 

4-J

CD 

0 
S-

-0 -5MV E

20*C

25%

ii

7

I

A

     2min.

pore size; 0.2p, membrane filter 
phosphatidyl ethanolamine; 3.9mg 
over night incubation at room temp. 

  out-chamber in-chamber 
2mM NaCl 20mM NaCl 

lOmM trisMES PH7.0 lo mM trisMES PH7,0

IE 2- S

L

50



T 

                            zlk kL 
   P -E 51 'Ayr, 0 Na Ct ALj-A_,_ 

     -Z~, ~j CL ZAV 
   f Al~ T, -9 Arf'; 

                   10 J:~ -2 

 jj AV- 7 0 
                              10 

  7.  "' X ~ It t 0 71 n -Z J;) -3. ~"1,2 T, -A-4t 
 1-7~ YL 'jL fj~ 7t-.2., I L,-f-\ j T, A/,y- LI 2,Ak Z%\\ 

                                              ~j 1, 

                                     -7 
     1V -

                            01i ne Ala OF tS ~/,R - jlu con a-fE,

sol. IN-chamber -sol. OUT-chamber response

2mM NaCl 

2mM LiCl 

2mM KC1 

2mM cholineCl 

2mM trisCl 

2mM NaMES 

2mM Nagluconate 

40mM KC1 

40mM KC1 

40mM NaCl

20mM NaCl 

20mM LiCl 

20mM KC1 

20mM cholineCl 

20mM trisCl 

20mM NaMES 

20mM Nagluconate 

40mM NaCl 

20mM CaCl 2 

20mM CaCl 2

+ 

+

          91. 511 , "o:

51







  25 0 c 

  20 0 c 

4.5xlO 

R (11 cm2) 

4.OxIO2 f 
  2mV -F

   Em 1mv

0mv

         25 Dc 

T 
         200C 

       4,OxIO2 ' 2 
     R(Acm

3.5xlO2

2mV

Em I MV

0mv

 time(min,) 

                   VL~' 
                                           -4 

alk q.~, 4 L ai 
74 IL L >t

2 4 6 8 

 time(min, )

I - - -

I - - --

0 

LED Z 7

54

i

I

I







                                                                                I -, L.--Z 

           7r - Ap, k: lit, 

7 

                      INA 
                   7d Al ") 

                                                                                -7p 

a 

                        19                                                7,
.

Temp. 

G 

 gNa+ gCl

gNci

9,c I

Em

    Em = -51-I-E I ---~C-lE 
           g Na + 9cl Na gNa+ gcl ci 

   19 T-VIL :3 -/ Y' 7 1 -/-X ,, 
     a ~ P-41 k 4 t~,

57









  a) pq '14, 'T 
z :f i 

                            I o Pal -T. -Z 
      1-, 0, ~l fl I ri 0 15 'T I z 

                           AQ 

                         Filif, L, -Z L:3. t 
d17' 

                 14 5& 4 Tlf~ 
                At 1 

                               /t J~~ 

         )k X 
         "d o 

o 

  t7l

r-4 
ri Q3 
z 
0 

.H 
-P 

~-4    0
.2

4-4 
0

   0.11 

~4 
P:4 0 

   15

8

0 

       El '31
13- ~, 0

20 25 30 

Temperature(*C)

35

     rgo 

               

. .2-
2 S " C C 0) 00( 0) 

    r o

61







-W 31 )~] ~
'- U:

1. Allen,S.L. & Thomas,A.N. 1978 

    Method for the simultaneous establishment of many 
     axenic culture of paramecium. J.protozool . 25: 134-139 

2. Andrews,D. & Nelson,D.L. 1979 
    Biochemical studies of the excitable membrane of paramecum 

    tetraurelia. II. Phopholipids of ciliary and other membranes . 
    B.B.A. 550: 174-187

3. Brehm,P. ,& Eckert,R. 1978 
Calcium entry lead to inactivation of 

paramecium. Science 202: 1203-1206

4. Brehem,P., Eckert,R. & Tillotson, 
    Calcium mediated inactivation of 

    J.physiol. 306: 193-203

5.

calcium

D. 1980 
calcium

channel in

current

Cronkite,D,L. 1979 

The genetics of swimming and mating behavior 

Biochemistry and physiology of protozoa. vol . 
Academic Press Inc.

in paramecium.

in paramecium. 
2: 221-273.

6. Davis,E.E. & Sokolove.P.G. 1975 

    Temperature responses of antennal receptors of mosquito 
    ades aegypti. i.comp.physiol. 96: 223-236 

7. Doughty,M.J. & Dodd,G.H. 1976 

    Fluorimetric determination of the resting potential changes 
    associated with the chemotactic response in paramecium. 

    B.B.A. 451: 592-603

8. Dunlap,K. 1977 

    Localization of 
    J.physiol. 271:

calcium channels 
119-133

in paramecium caudatum.

 9. Dusenbery,D.B. & Barr,J. 1980 
     Thermal limit and chemotaxis in mutants of the nematode 

     caenorhabditis elegans defective in thermotaxis.      
.J.comp.physiol. 137: 353-356 

10. Eckert,R. 1972 
     Bioelectric control of ciliary activity. Locomotion in the 

     ciliated protozoa is regulated by membrane limited calcium 
     fluxes. Science 176: 473-481

11. Eckert,R. & Brehm,P. 1979 
      Ionic mechanisms of excitation in paramecium. Ann.rev. 

     biophys.bioeng. 8: 353-383 

12. Eckert,R., Naitoh,Y. & Friedman,K. 1972 
      Sensory mechanisms in paramecium. I. Two components of the 

     electric response to mechanical stimulation of the anterior 
      surface. i.exp.biol. 56: 683-694

64



13.

14.

15.

16.

17.

is.

19.

20.

21.

22.

23.

24.

25.

Fok.A.K. & Allen,R.D. 1979 
Axenic paramecium caudatum. I. Mass culture and structure. 
J.protozool. 26: 463-470 

Gamow,R.I. & Harris,J.F. 1973 
The infrared receptors of snakes. Sci.Am. 228: 94-100 

Harris,J.F. & Gamow,R.I. 1971 
Snake infrared recep~ors: Thermal or photochemical mechanism? 
Science 172: 1253-1253 

Hansma,H.G. & Kung,C. 1976 
Defective ion regulation in a class of membrane excitation 
mutants in paramecium. B.B.A. 436: 128-139 

Hanzel,T.E. & Rucker,W.B. 1972 
Trial and error learning in paramecium: A replication. 
Behavioral biology 7: 873-880 

Hedgecock,E.M. & Russell,R.L. 1975 
Normal and mutant thermotaxis in the nematode caenorhabditis 
elegans. Proc.N.A.S. 72: 4061-4065 

Hellon,R.F. & Henzel,H. 1975 
Thermal receptors in the scrotum of the rat. J.physiol. 
248: 348-357 

Hennessey,T. & Nelson,D.L. 1979 
Thermosensory behavior in paramecium tetraurelia: A quantitative 
assay and some factors that influence thermal avoidance. 
J.gen.microbiol. 112: 337-347 

Hensel,H. & Kenshalo,D.R. 1969 
Warm receptors in the nasal region of cats. J.physiol. 204: 
99-112 

.Houten,J.V. 1978 
Two mechanisms of chemotaxis in paramecium. i.comp.physiol. 
127: 167-174 

Houten,J.V. 1979 
Membrane potential changes during chemokinesis in paramecium. 
Science 204: 1100-1103 

Jennings,H.S. 1906 
Behavior of the lower organisms. Indiana Univ.Press, 
Bloomington 

Kamada,T.& Kinoshita,H. 1940 
Calcium-potassium factor in ciliary reversal of paramecium. 
Proc.imp.acd. 16: 125-130

65



26. Kamo,N.,Miyake,M., Kurihara,K . & Kobatake,Y. 1974 
     Physicochemical studies of taste reception . I. Model 

     membrane simulating taste receptor potential in response 
      to stimuli of salt, acid and distilled water. B.B.A. 

      367: 1-10 

27. Keneshiro,E.S. 1980 
     Positional distribution of fatty acids in the major glycero-

     phosph.olipids of paramecium tetraurelia. J.lipid res. 
     21: 559-570 

28. Kaneshiro,E.S., Beishel,L.S., Merkel,S.J. & Rhoads,D.E. 1!~79 
     The fatty acid composition of paramecium aurelia cells 

      and cilia: Changes with culture age. J.protozool. 26: 
     147-158 

29. Kessler,J.O., Jarvik,L.F., Fu,T.K. & Matsuyama,S.S. 1979 
      Thermotaxis,chemotaxis and age. Age 2: 5-11 

30. Kinoshita,H., Dryl,S. & Naitoh,Y. 1964 
     Changes in the membrane potential and the responses to 

      stimuli in paramecium. i.fac.sci.Tokyo Univ.Sect.IV. 
     10: 303-309 

31. Kinoshita,H., Dryl,S. & Naitoh,Y. 1964 

     Relation between the magnitude of membrane potential and 
     ciliary activity in paramecium. i.fac.sci.Tokyo Univ.Sect. 

     IV. 10: 303-309' 

32. Kishimoto,U. 1972 
     Characteristics of the excitable chara membrane. Advan.in 

     Biophys. 3: 199-226 

33. Klein,M. & Kandel,E.R. 1980 

     Mechanism of calcium current modulation underlying 

     presynaptic facilitation and behavioral.sensitization 
      in aplysia. Proc.N.A.S. 77: 6912-6916 

34. Kung,C., Chang,S-Y., Satow,Y., Houten,J.V. & Hansma,H. 1975 
     Genetic dissection of behavior in paramecium. Science 

     188: 898-904 

35. Kung,C. & Eckert,R. 1972 
     Genetic modification of electric properties in an excitable 

      membrane. Proc.N.A.S. 69: 93-97 

36. Maeda,K., Imae,Y., Shioi,J. & Oosawa,F. 1976 
     Effect of temperature on motility and chemotaxis of E.coli. 

     J.bacteriol. 127: 1039-1046 

37. Maeda,K. & Imae,Y. 1979 
     Thermosensory transduction in E.coli: Inhibition of the 

      thermoresponse by L-serine. Proc.N.A.S. 76: 91-95

66



38. Machemer,H. 1974 
     Frequency and directional response of cilia to membrane 

      potential changes in paramecium. i.comp.physiol. 92: 
     293-316 

39. Machemer,H. 1977 
     Motor activity and bioelectric control of cilia. 

      Fortschr. zool. 24: 195-210 

40. Machemer,H. & Eckert,R. 1975 
     Ciliary frequency and orientational responses to clamped 

      voltage steps in paramecium. J.comp.physiol. 104: 
     247-260 

41. Machemer,H. & Ogura,A. 1979 
     Ionic conductances of membranes in ciliated and deciliated 

     paramecium. J.physiol. 296: 49-60 

42. Meech,R.W. & Standen,N.B. 1975 
     Potassium activation in Helix aspersa neurones under voltage 

     clamp: A component mediated by calcium influx. J.physiol. 
     249: 211-239 

43. Meech,R.W. & Thomas,R.C. 1980 
     Effect of measured calcium chloride injection on the membrane 

     potential and internal pH of snail neurons. 
     J.physiol. 298: 111-129 

44. Naitoh,Y. 1972 
     Electrophysiology of ciliate protozoa. Physiology and 

     Biochemistry. 5: 17-31 

45. Naitoh,Y. 1973 
     Control of ciliary activities by adenosinetriphosphate and 

     divalent cations in Triton-extracted models of paramecium. 
     i.exp.biol. 58: 657-676 

46. Naitoh,Y. & Eckert,R. 1969 
     Ionic mechanisms controlling behavioral responses of 

     paramecium to mechanical stimulation. Science 164: 963-965 

47. Naitoh,Y. & Eckert,R. 1973 

      Sensory mechanisms in paramecium. i.exp.biol. 59: 53-65

48. Naitoh,Y. & 

     Reactivated 
     of ciliary 

49. Nakaoka,Y. 
     Temperature 
      J.protozool

 Kaneko,H. 1972 
 Triton-extracted models of paramecium: Modification 

movement by calcium ions. Science 176: 523-524 

& Oosawa,F. 1977 
 sensitive behavior of paramecium caudatum. 

  24: 575-580

67



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Nakaoka,Y. & Toyotama,H. 1979 2+ 
Directional change of ciliary beat effected with Mg 
in paramecium. J.cell sci. 40: 207-214 

                                                                                 ri 

Ogura,A. & Machemer,H. 1980 
Distribution of mechanoreceptor channels in the paramecium 
surface membrane. i.comp.physiol. 135: 233-242 

Ogura,A. & Takahashi,K. 1976 
Artificial deciliation causes loss of calcium dependent 
responses in paramecium. Nature. 264: 170-172 

Rhoads,D.E. & Kaneshiro,E.S. 1979 
Characterization of phospholipids from paramecium tetraurelia. 
J.protozool. 26: 329-338 

Saiki,M. & Hiramoto,Y. 1975 . 
Control of ciliary activity in paramecium by intracellular 
injection of calcium buffers. Cell structure and function. 
1: 33-41 

Satow,Y. & Kung,C. 1979 
Voltage sensitive Ca-channels and the transient inward current 
in paramecium tetraurelia. J.exp.biol. 78: 145-161 

Satow,Y. & Kung,C. 1980 
Membrane currents of pawn mutants of the pwA group in 
paramecium tetraurelia. J.exp.biol. 84: 57-71 

Shieh,P.K., Lanyi,J. & Packer,L. 1979 
Lipid impregnated filter membranes: A stable planer membrane 
system for assay of electrical properties across reconstituted 
liposomes and natural membrane vesicles. Method in Enzymology 
IV: 604-613 

Takahashi,M. 1979 
Behavioral mutants in paramecium caudatum. Genetics. 91: . 393-403 

Takahashi,M. & Naitoh,Y. 1978 
Behavioral mutants of paramecium caudatum with defective 
membrane electrogenesis. Nature. 271: 656-659 

. 12 

            3 4-1 f~ 407 : 1~- 71~ 

Toyotama,H. & Yakaoka,Y. 1979 
Effect of temperature on the swimming velocity of Triton-
extracted models of paramecium caudatum. Cell structure 
and function. 4: 35-43 

Whitaker,B.D. & Poff,K.L. 1980 
Thermal adaptation of thermosensing and negative thermotaxis 
in dictyostelium. Exp.cell res. 127: 87-93 

                       68




	043-00001.tif
	043-00002.pdf
	043-00003.tif
	043-00004.tif
	043-00005.tif
	043-00006.tif
	043-00007.tif
	043-00008.tif
	043-00009.tif
	043-00010.tif
	043-00011.tif
	043-00012.tif
	043-00013.tif
	043-00014.tif
	043-00015.tif
	043-00016.tif
	043-00017.tif
	043-00018.tif
	043-00019.tif
	043-00020.tif
	043-00021.tif
	043-00022.pdf
	043-00023.tif
	043-00024.pdf
	043-00025.tif
	043-00026.pdf
	043-00027.tif
	043-00028.tif
	043-00029.tif
	043-00030.tif
	043-00031.tif
	043-00032.tif
	043-00033.tif
	043-00034.pdf
	043-00035.tif
	043-00036.tif
	043-00037.pdf
	043-00038.tif
	043-00039.tif
	043-00040.pdf
	043-00041.tif
	043-00042.tif
	043-00043.tif
	043-00044.tif
	043-00045.tif
	043-00046.tif
	043-00047.tif
	043-00048.tif
	043-00049.tif
	043-00050.tif
	043-00051.pdf
	043-00052.pdf
	043-00053.tif
	043-00054.pdf
	043-00055.pdf
	043-00056.tif
	043-00057.tif
	043-00058.pdf
	043-00059.tif
	043-00060.tif
	043-00061.pdf
	043-00062.tif
	043-00063.tif
	043-00064.tif
	043-00065.pdf
	043-00066.tif
	043-00067.tif
	043-00068.pdf
	043-00069.pdf
	043-00070.pdf
	043-00071.pdf
	043-00072.pdf
	043-00073.tif

