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Monoclonal Antibody Technology | : Hybridoma Technology

Monoclonal antibody technology o
mﬂﬁﬂ%ﬁmwiumﬁmﬁfﬂﬁﬁnﬁﬁmﬁuﬁﬁmﬁ
5£N71 “Monoclonal antibody” Moty
SN “Hybridoma technology” %wmﬂﬁd
LﬂﬂTulaELﬁaﬂwﬁwﬁmLﬁﬁaﬁﬁmﬁuﬁfwﬁuﬁ
8N “Hybridoma” #7131 Hybridoma'
FINENTEVINAIN  “Hybrid” WUa gnwes
Uil “-Oma" Fevaedaifiasantiia
“Tumor” u&@) ¢latiu  Hybridoma 39973
Mmﬂﬁwﬁﬁﬁﬁwwﬁﬂﬁﬁﬂﬁtﬁm tumor 1%5@1%
wdleevialiudy  Hybridoma Snvanedaas
anuaNfiinInmManaNsEniEadiiase
Fa5unh “Malignant cell” fuadUn@vily

Hybridoma technology 1%7"1‘1?&15@1 mo-
noclonal antibody LASUNISW@ W19 LT
mﬁ‘l“ﬂa?j%’:mwﬁﬂﬁﬂuquﬁqaahmﬁa'[ma
Kohler way Milstein? 1ull @.¢1.1975 Failluna

- W = 6 i.":r i H L7 ar o
RN AInemaansrodgaarui i Sus1a3aluiua

ANINY é'uwﬂﬁwj*

(Nobel prize) SANNWILWEMETIANLILALINS

wwnelwll @61 1984

Monoclonal antibody

Monoclonal antibody Aa antibody ﬁfl
lanariia@oaslanauidmsAmiian
N6 Epitope %38 Antigenic determinant
SuiAEnfuUL antigen athanike Teevhlums
ﬂﬁﬁ@jmﬁﬂﬁﬁmﬁwﬁm antibody %387 38n
“Immunization” ®78 éntigen asjwwﬁaw
nsedulffliad  ymphocyte daviminfinde
antibody TUWIUININUALARILTUE LLa::Lﬁja‘Ll'l
AR AR B EIUEN MR i aa
s 2-3 3u  favens  adlumseniiay
WA AUNGTNE®  antibody TIFAN
UWILBENALT  (single specificity) W14
G159 Lﬁﬁﬁﬁiﬂ%‘lﬂ malignant plasma VER

myeloma BINEG] antibody G UAFINSE

* HUMann g MAINEINN AuInnmaas Wi Innasuoun
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Ripdulalumsmvidsdlévarsd  Faiu
Lija‘l-lu‘ﬁﬁﬁ malignant plasma HINFNFIN
(fusion) VS GE plasma (W58 lymphocyte)
Un@ifignnaediudg  antigen winazléimad
QN hybridoma (U1 1) fidansniady
Gulalumsmnzidesddoreisues wavlu
AMERLINUNKWAR  antibody Afamua UMY
§a epitope THhalAEIlFot1elsiNvoUIR
hybridoma 3¢QNFAALAANLA lauN190#5AN
NNUNNFENSEWIS antibody 111 antigen L&D
JUENUALI hybridoma Ailiwanaday “1an”
WWIZIALNEN  (subcloning) ANLASINEBNL
ﬁmﬁmﬁwmﬁammm‘lﬁ'ﬁw hybridoma *ﬁu
WA monoclonal antibody ﬁdLLﬁmﬂu‘Eﬂ‘ﬁ 2
M689M5 monoclonal antibody 31W4IUIN 1
FATINZAES  hybridoma 16 leamsiwy
Lﬁm‘ﬂmﬂlﬁqj (large scale culture) Vi%ﬂ(ﬂﬂ
mﬁ'ﬁﬂL%ﬂwmﬁaﬂamwﬁawﬁm “Ascites’’
ﬁiﬁ monoclonal antibody mmﬁm‘ﬂuﬁq

| i’ ‘ & :
NINIIMNANAAS ¥, N 19 DUUN 1 UNTIAN-1UNY 2534 11

Myeloma

Myeloma VED plasmacytoma ARIEAR
tumor TRNEAATINAG  antibody lAEEIUNIN
andnilfifalasmssunmudainaassd
fa9vind’  IANOMSEIWIAT  (mutation) 194
Msan Wawls w38 pristane (2, 6, 10, 14-
tetramethylpentadecane) EL“L&"I:‘I‘%LSJ”W (mouse)
@EWuD BALB/C*S Lavauwug NZB® mye-
loma ﬁqﬂ*ﬁ'ﬂm%uﬁmmﬁnm'%rﬂwwmﬁuiﬁ
Wearulaaaaall waraasonaa Immuno-
globulin aiadelFaaliiduge  davian
lHselugnlumsiwsien Immunoglobulin
mafuedllé  @ad1  myeloma thgnuanld
duunasras DNA d@wmsSudnwlaseasiauns

Immunoglobulin  gene 1#tA%  Recombinant

DNA technology’-®:1?

Myeloma mﬁ‘lu hybridoma technology
A o a o i
FuluEaanauAug (mutant) 2 Ta7 AR

madadanias (1) Huflu myeloma seiug

gﬂf’% 1 Hybridomas T%Hﬁﬂ Monoclonal antibodies 19 Luteinizing hormone receptor (LH-R) UDJ
HY (rats) Hybridomas fi nﬂwmﬂﬂﬁ‘i’mﬁummwaﬁﬁm‘nnnm mouse ﬁﬂlf BALB/c
WIdsuMInIZAuaY LH-R 7 1wad Myeloma Muyus Ns-1 1azlaumsly polyethylene
glycol Wumsigmssimaad (mﬁ[auﬁgiuu)
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immune mouse

'

Spleen
Normal antibody-forming cells

OQ000CO0O00O0O0
_+_

Plasmacytoma
cells

|
LPn!yEIhyiEne glycul]

lalulrduas wandved «

Unfused .
plasmacytoma cells Heterokaryons Unfused spleen cells
oort ofejojoioyele, oo?oo
HAT medium
! t Y
Die in HAT medium Hybrids Die in culture
e OO0

[ ]\

Clone by limiting dilution

¢y

Clone 1 Clone 2

I0 Too
S5 Og

Clone 3 Clone 4

: " - d . vt gw 4
5UN 2 UWUHIUAAINISWAA  Hybridomas 1A8NISIUIHAA  (fusion) ITHIIUFAAUIUN

[FR) Lo E
TasumsnszAuliiaina  antibodies TUWad Myeloma (plasmocytoma) 106l Polyethylene

glycol (910 Goding, 1986)

LsisiEuaSetneias HGPRT w38 HPRT (Hypo-
xanthine-guanine phosphoribosyl transferase
HPRT gene) ONAALIBNNNANNMUMUNTE
aNNEISDRSYlUaIMSAR  8-azaguanine
WAy 6-thioguanine LAY (2) ap[bIpt myeloma
funus Lifluaeitey  Thymidine kinase
TK™ gene) pnaadanlauaNNmUMUnsa
enuansndyluawnsidl  Bromodeoxyu-
ridine waRUNGNEuS MR HPRT way
TK d99zulasnans 8-azaguanine LAY 6-thio-

guanine WWAYE19 bromodeoxyuridine FNA1OL

TRl uaafsinavilimases we myeloma
MAIEDY HPRT Lay TK 5098 N
agiﬁ

Hydbridoma

Hybridoma &WSUMSW&® monoclonal
antidody ‘ﬁ Kohler LLa¢ Milstein® 15&15@1%%
lull ae1975 AunsEMlauMINNEadTIME
(somatic cell fusion) S¥¥319 myeloma IINNL
mouse EEWWE BALB/C 2 SEWUT MUEA%

:MUNG  (spleen cell) 289U mouse ign
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ﬂ‘iﬂﬁuﬂﬁﬁa&ﬁuuﬁﬁ (immunization) MLIEAR

U 9
A

dadenuasaaing uasl¥ Sendai virus 7
ﬂuﬂﬂﬂéuﬁmﬂu fusogen (ﬂﬂqﬁﬂ% polye-
thylene glycol, M.W. 1500 11l fusogen)
myeloma ﬂ'ltiﬁuﬁﬂﬁdﬁa P1Buf %aﬁmm
AINNIUG D 5-bromo-2’-deoxyuridine ¥ eh
fu TK negative liaansndgluamsiaes
HAT (29151889758  Hypoxanthine, Aminop-
terine WAY Thymidine) W&y myeloma an&e
Wufnila fa P3-X63Ag8 WFumusa 8-
azaguanine n38.Hu HPRT negative 7114
MangnRdyluems HAT duiu masdadan
#am hybridoma 7IW&@ specific antibody 'L
14735 Plague assay technique laamavinli
HOLRDALAIVDILNLUANAIE complement
NNNUALLN (guinea pig) M9 INTAANSINY
1GSuannduSntete  walUsednimwms
MNFARNES  02-3% 1N L‘ﬁﬂﬁﬁuﬂwﬂuﬁ
WE§99 specific antibody %38 positive hybrid
‘lﬁqﬂﬁﬁLﬁamwﬂaaﬂmL%ﬂmalumma
soft agar mn*ﬁu positive clone iﬁQﬂﬁmLﬁﬂﬂ
Lgneanaaedadnase (Bund subcloning)
luammswaleeidavawdiia 138  limiting
dilution 14K chromosome (Karyotype) 284
hybridoma 1 L91SUNS@SIadaLGEINDEWE K
anNd15389mS fusion athalsnens fusion
ﬂ%&’ﬁu myeloma ﬁ’ltlﬁuﬁ P1Bul dA91EM
P3-X63Ag8

: .ﬁ* = i pr
fuesen 119G, FalFuinIoaadi  fusion

w 6
IgG,, &Y myeloma FEWUD

duSadnadanitaitwideatiuiulysdneia
Inad (ﬁuﬁﬂ antibcdy]‘ﬁ hybridoma Nﬁfﬂ%u
gosntlyminisdang1ev  antibody NNEIU
283 myeloma Hgnufiialu fusion ASssiasn

- d - o - -
NINTIMOMARs w. U019 U0 1 uRIIAN-TWINY 2534 13

il ae1976"" loald myeloma @eWug NS/
1-Ag-1 (M3aB3undu q 91 NS-1) BaliFanien
Ig heavy chain WE&IA9IEA light chain TH6
keppa light chain Falaldudenanuanigad
hybrdoma fINIUWMSATIR  (screening) LA
WNA6 monoclonal antibody \lﬁt}ﬂﬁm%'}mé
mouse UN@aliiadwidn  tumor ludas
ﬁmw% (peritoneal cavity) LAYNAG antibody
Aflenuiniiugs Hde  hybridoma 1§
NAVTAY (subcutaneous injection) YNNG tumor
TROUTI DR@ hybridoma nlugaetiag (in-
traperitoneal injection) NG tumor TUALAY
fiBunT “Ascites” lunailfia tumor BHauS
ﬁ'l.%’ antibody ﬁl‘lﬂ‘ﬁ“%ﬁ (serum) LL?’[‘lﬂ.ﬁ

§Mar  hybridoma FauEAANWEN
LM myeloma TUANNNUNG  daan
msafineylfluamaides  HAT Wasnlu
MSHINTI¥ DNA (deoxyribonucleic acid) laes
ﬁ’ﬂﬁﬁuﬂ 2 A0 (pathway)'? A8 main pathway
(FLAF1LM LA ATINNUNTILFYBINTH -
Adan) way Salvage pathway (ﬁTﬁW‘iﬁQﬂﬂaU
gauudlnasielvadnass) HPRT fuwn
toulumafansIsw  purine (Lﬂ%LUﬁﬂfiN'lﬂﬁd
183 DNA) 9111 Thymidine annaivismauan
FAR L1 salvage pathway (L8Y Thymidine
kinase (Humeaslumsduane?  pyrimidine
(WEBNNENWIIYEY DNA) 90N Thymidine 210
DIMNSMUUBNIETAN 1 salvage pathway LEWT
&7 main pathway Gluﬂﬁﬁdmﬁwﬁﬁd purine
WaY pyrimidine %EQﬂﬁuﬁﬁIﬂu Aminopterine
717A5eua9ttias  Dihydrofolate reductase
LLﬁEﬁﬂJﬁﬁ%ﬂﬁlaﬁﬁmaﬂ Thymidylate synthase
g1 3
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5-Amino imidazole-
4-carboxy ribonucleotide

5-Formudo-imidazole-

4-carboxamide ribonucleotide
PRPP PP l

8w

Hypoxanthine = |nosine monophosphate

Hypoxanthine guanine
phosphoribosyl transferase
(HGPRT)
Guanine = Guanosine monophosphate (GMP)
(or 6-thioguanine) ,~ l
PRPP PP
GDP —» dGDP
TH'fmidine l l

widine kinase RANA =—GTP dGTP

dTMP ——» dTDP-———» dTTP —— DNA

Thymidylate
synthetlase

UDP —dUDP — dUMP

|

21N

dCTP dATP

gﬂﬁS %ﬁﬂﬁﬁdlﬂﬂﬁﬂﬁ ADUID (DNA-Deoxyribonucleic acid) ﬁlﬁﬂ')‘ﬁﬂdﬁuﬂ’l"ﬂﬁﬂﬂ Hybridomas

A 44
1“31111‘5!?]“41’111 ypoxanthine, Aminopterine (181¢ Thymidine (HAT medium) (910 Goding,

1986)

Myeloma ﬁ’lﬂﬁuﬁ HPRT uay TK ¢
MeluaIMSAEIAT HAT WT12ve 2 pathway
ldsmansavihanld  wadndfagemeluwaims
HAT lUNU% IWS1¥ main pathway Fediude
MSMS9%W (U6 salvage pathway Laid1u)
Qﬂﬁuﬁa SRDATERIVUATIR hybridoma 7116151
H HPRT %3081 TK AUN121N fusion 187150
mssfinsenay |G luamaiaeefisl HAT

Tumsnae monoclonal antibody loes
hybridoma technology l@&¥iallayiduaa
mﬁm%mm‘ﬁﬁa'gﬂﬁ 1

References

1. Goding, J.W. Monoclonal antibodies : Principles
and practice. Academic Press : London. 1986.
pp. 315. |

2. Kohler, G. and C. Milstein. Continuous cultures
of fused cells secreting antibody of predefined
specificity. Nature. 1975. 256 : 395-497.

. Merwin, R.M. and L.W. Redman. Induction of

plasma cell tumors and sarcomas in mice by
diffusion chambers placed in the peritoneal
cavity. J. Natl. Cancer Inst. 1963. 31 : 997-
1017.

. Potter, M. and C.R. Boyce. Induction of plasma

cell neoplasms in strain BALB/c mice with mineral
oil adjuvants. Nature. 1962. 193 : 1086-1087.

. Potter, M. Immunoglobulin-producing tumors and

myeloma proteins of mice. Physiol. Rev. 1972.
52 : 631-719.

. Warner, N.L. Autoimmunity and the pathogenesis

of plasma cell tumor induction in NZB inbred and
hybrid mice. Immnnogenetics. 1975. 2 : 1-20.

. Seidman, J.G., A. Leder, M. Nau, B. Norman,

and P. Leder. Antibody diversity : The structure
of cloned immunoglobulin genes suggests a me-

chanism for generating new sequences.
Science. 1978. 202 : 11-17.

. Bernard, O., N. Hozumi, and S. Tonegawa.

Sequences of mouse immunoglobulin light chain
genes before and after somatic changes. Cell.
1978. 15 : 1133-1144.

. Sakano, H., J.H. Rogers, K. Huppi, C. Brack,

A. Trauncher, R. Maki, R. Wall, and S. Tonegawa.
Domains and the hinge region of an immuno-




Tululaduen waudvad

10.

globulin heavy chain are encoded in separate
DNA segments. Nature. 1979. 6 : 627-633.

Sakano, H., Y. Kurosawa, M. Weigert, and S.
Tonegawa. Identification and nucleotide se-

quence of a diversity DNA segment (D) of
Nature.

immunoglobulin  heavy-chain genes.
1981. 290 : 562-565.

e d . a '
NMINTIMOIENAAT Y. 10 19 DHUN 1 UATIAU-11NAY 2534

fila

12.

15

Kohler, G., S.C. Howe, and C. Milstein. Fusion
between immunoglobulin-secreting and nonsec-
reting myeloma cell lines. Eur. J. Immunol. 1979.
6 : 292-295.

Littlefield, J.W. Selection of hybrids from matings
of fibroblasts in vitro and their presumed re-
combinants. Science. 1964. 145 : 709-710.

“These days everything is higher.”



2. INY. 1. 19(1): 16-22 (2534)

Anadglimanan

(Connected means)
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p3dUN AUy

A i =1 =] i = =1 i s B o i [ A [
daliwwnildfimadandiads  (mean) #fiadhe g didhetuatudofias ween
wdsnadiuiFadmidmivaudnnae q au  luunenaidasmsiissudnstditmaiunagdd
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Wasduldld lumsmearadowail
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(@4, as,...,a,) h

1) Auasoavndin (Arnthmetic mean)

2 T8 T ...
1 2 k

A =

k

. w -
2) Tnvesnmdvmeaady (Root mean square)

1

3.2+3,2+...+ﬂ2 _2-

! 2 k
k

R =

3) sadogredn (Geometric mean)

1
G=(aa,..a)k
WA 48) fusdvoiuefln (Harmonic mean)
& 1 . 1
— + —+ ...+ —
4 3 a
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WONANALINTIATUNBE  (trivial case) 2896 A=R=G=Htaua@l¥ a,, ap,...a,
ynenfianlamiu inaansauaaslei H < G < A < R (Wnigan livinadalemnezasadnms)
WWWEh HGA uar R gnifaxdadhenuiuimae  Salafigeunumsigainlineaau
(Connected proof) 1% #sazifiuflanvaswadnian q vathaldande

v F (Judaridusinmunlng

1
X X "
a1+az+... +::1k X
F(x) =
(x) ”
o x 0 uaz a;, a,, ... . a wsriuuon
wifih A - FQ) R - F(2 H = F(-D
FnanTousEnslviiiulddn  im Fx)=G  #efl
x—0
X X X l X X X
&1+£l2+....+f—.lk X : .‘ﬂ.l+a2+....+i':l.k
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Wherever the atomic siructure changes by increasing the number af nutey et
electrons,

0.0 Q0.0 O O .0

~ the fraction of the total nuclear charge that can be sensed within an outer orbital
{ealled Lhe effective number chorge) Is caused to increase:

AR e o il B OB

n Lurn, this cauees three impoartant changes in atomic properties:
(1) The increasing charge pulls Lthe electrons inlo a more compact cloud of dimin-
shed radius:

OO0O0O0000O0

2) Greater charge scling over shorter distance corresponds Lo increasing electro-
negalivity:

.—u—l—l’_l_—l_l_—\_

() It alsn corresponds Lo incrersing (unwenkened) homonuelear bond energy:

e T i W W

Sines ench atom can form one envalent bond for each hall-filled outer orbital it car

supply, the changing atomic structure, by increasing the number of electrana in the
four Fulﬂ othitals, changesa the availahility of outer hall-filled orhitals and thus the
eovalence:

l—2—3—4—3—2—1-0

Repulsions among bonding electrons and lone pair electrons largely determine
bond angles:

|®-@@$@@®O

All these properties arc the logical and inevitable consequences nf the changes in
atomic structure, as now quantitatively exemplified by the series from Na to Ck:

| slemeant Ma Mg Al 51 P 5 o]
no. oulsr a's 1 2 3 4 -] L] T
nfl. muclaar chargs 2.0 2.7 ad 4.0 4.7 53 8.0
covalenl radivs, pm 154 137 126 117 11 108 09
elecironegathvity 0.84 1.32 .71 2.4 2.52 2.98 J.48
B £.. homonuciear 16.4 423 482 54.1 £0.0 65.9 7.8

| [unwaakenad, keal)
covalonce 1 2 3 4 3 2 1
hond angls none  180° 120 108* 90-109% £0-109" none
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charge) (Huaneyvillwdimszenavaausm
929818nAT0% (electronic sphere) T WA
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favaslurmeifuanuaraanniaidnlins-

wm@daldgyidedssaausdin  villd

25

U%nmﬂaaﬁLﬁﬂmammuLiﬁu’ﬂummﬁﬂu
Ml mIdneesdidnasaniiaugu

0 relative compactness LLﬁ@GﬁJﬂ'ﬁ‘m
FunussenianNdaLarddninsumaid
ANNANAUS WU MIUSam  (quantitative) LAy
e (direct) FusnRnsanmana e
(evolution) YaIM3 ISENGIYAIBLANGITAY (elec-
tronic configuration) LﬁBLﬁ‘?)ﬂ:ﬂamﬁm%u%
danasannude laslddenuduwusny

Pt |

P i =5 i
Bianinswméid  leuwmmzatnbngueas
ardaNMIadaaun lnafesty Ar (1829saaN
18) HenduraInnungn ennaNtasayaas
WIadaaunnany Ne (lagas®an ~10) %Io
Kr (1690v@as 36) andnatNacaan K 49
{568 196 pm Falndfpaiusdiiaas Rb (216
om) INNNINAAEINUSARNYa9 Na (154 pm)
= e S = G 8 A
Dausunuwand dnasauras K (19) Inaiaes
o | = @ i g
AUSIudIdnasantas  Na(11) nniilng
PEINUTUILAENATaNTEY Rb(37) tuviuas
Waafuseaiavaanead Cl Inaauenuses
ar@aNYad Br annhlnaeusnusaiazaay
289 F 913NN BN 2Ia R REYEI0 N
VHILUKADIBLEANGTa UMY @I daau8d
B ENaTandalsesrasaraaN 99
= 3 9 o oaa o &
USa1a5H LA NSARNAAIN AU ELALILaUSE]
al A o v al | o 5
flafldn Mmuwmeitenanuineadidnasan
MINTREINTIIU BN TNz BT
= @ S el & A o
SANSUMAIA LA louass  wetdinisun L
ANARLYRIANINNBILUUYDIDIANATOWNY
B2DLGEN  LAENAITHIDLAANNABTYLAR
NETBINUBANINSIMENG  AauudaTdIu
SEP TN AN NUNWILUULDIDIANATOW

DL FDNNING DM AN AW U UYDIB LENATAU



26 NMOFINNNEAT 1u. U0 19 DTN 1 BRSIAN-NWIAY 2534

YDIDL G ANURILNALIRDUNHNLIBYDLA ANV
o vl @ L I = s = e

NURY@aNuy  naziuwen i giaddnlnsiwm-
JIGWSuuWiEL  (relative  electronegativity)
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184 relative compactness %ﬂuamﬂmmqﬁ
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Table 1. Electronegativities and Change with Unit Charge.

S AS, S AS, S ASj S AS;

H 2.592 2.528 Ti(ll) 0.64 1.256 Ni (V) 3.27 2.839 Mo(lV)  1.40 1.858
Li 0.886 1.468 Ti (Il 1.09 1.639 Ni (V) 3.81 3.065 Mo(V)  1.73 2.065
Be () 1.56 1.961 Ti(IV) 1.50 1.923 Cu (ll) 1.98 2.209 Mo(Vl)  2.20 2.329
Be (Il) 1.810 2112 V(1) 0.69 1.304 Zn 2.223 2.341 Ag(l) 1.826 D122
B(l) 1.53 1.961 V (iX 1.39 1.851 Gal(l) 0.86 1.456 Cd 1.978 2.208
B (lI) 2.19 2.323 V(V) 1.89 2.158 Ga(ll)  2.419 2.442 In (1) 0.71 1.323
B (ll) 2.19 2.323 V(v) 1.89 2.158 Ge(lv)  2.618 2.540 Ir 111) 2.138 2.296
B (Ill) 2.275 2.368 V (V) 2.51 2.487 As 2.816 2.635 Sn (Il) 1.49 1.916
C 2.746 2.602 Cr(ll) 1.24 1.748 Se 3.014 2.726 Sn(lv)  2.298 2.380
N 3.194 2.806 Cr (Il 1.66 2.023 Br 3.219 2.817 Sb 2.458 2.461
@) 3.654 3.001 crav)  2.29 2.376 Rb 0.312 0.866 Te 2,618 2.540
F 4.000 3.140 Cr (V) 2.83 2.641 Sr 0.721 1.333 | 2.778 2.617
Na 0.835 1.435 Cr(vl)  3.37 2.882 Y () 0.40 0.993 Cs 0.220 0.736
Mg 1.318 1.802 Mn () 1.66 2.023 Y (i) 0.65 1.260 Ba 0.683 1,208
Al (1) 0.84 1.439 Mn(ll)  2.20 2.329 Zr (Il) 0.52 1.132 W (Il) 0.73 1.341
Al (Il 1.63 2.004 Mn(lv)  2.74 2,599 Zr (1) 0.79 1.395 W (l11) 0.98 1.910
Al (I11) 1.714 2.055 Mn(v)  3.28 2.843 Zr(IV) 0.90 1.489 W (IV) 1.23 1.741
Si (111) 1.99 2.215 Mn(Vl)  3.82 3.069 Nib (1) 0.77 1.378 W (V) 1.48 1.910
Si(IV) 2.138 2.296 Mn(VI)  4.36(?)  3.278 Nb(ll)  1.02 1.586 W (VI) 1.67 2.029
P 2.515 2.490 Fe (ll) 1.64 2.011 Nb(V)  1.25 1.755 Hg 2.195 2.326
S 2.957 2.790 Fe(ll  2.20 2.329 Nb(lV)  1.25 1.755 Hg 2.195 2.326
cl 3.475 2.927 Co (ll) 1.96 2.198 Nb(V)  1.42 1.871 Ti(l) 0.99 1.562
K 0.445 1.047 Co(ll)  2.56 2.512 Mo(ll)  0.90 1.489 Il 2.246 2.353
Ca 0.946 1.527 Co(lV)  3.10 2.764 Mo(l)  1.15 1.684 Pb (Il 1.92 2.175
Sc (1) 0.64 1.256 Ni (I1) 1.94 2.187 Pb(V)  2.291 2.376

Sc(l)  1.02 1.586 Ni (111) 273 2,594 =Y 2.342 2.403
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Taro (Colocas:a esculenta(L.) Schott.) Propagatlon
Through Shoot Tip Culture
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Abstract

Taro (Colocasia esculenta (L.) Schott.) shoot tip from apical and axillary buds were excised and
cultured on the MS media supplemented with growth regulators. The results showed that shoots and roots
were formed on the media added with 1 ppm 2,4-D (2,4-Dichlorophenoxy acetic acid) and 10 pmm BAP.
(Benzylamino purine) or 1 ppm IBA (Indolebutyric acid) and 10 ppm BAP. The average shoot growth was
3.5 shoots/explant within 4-6 weeks. The explants were induced to be corm-like bodies about 20.8 percent
on 1 ppm 2,4-D plus 10 ppm BAP. The corm-like bodies could be increased by subculturing to fresh media
every 2-3 weeks. Shoot multiplication for mass production could be done by chopping stems and subculturing
them every 4 weeks. The complete plantelts were successfully grown in potting soil.
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Abstract

Synthetic holograms or Computer-Generated Holograms have been constructed for objects of single
point, double points and a Thai word. Reconstructed images using these holograms revealed satistactory

images of original objects. This research result opens up several applications of holograms and the means to
construct holograms of objects with complex shapes.

UNU wsane ) lumsadolalaunsa  wden

. ‘ L P @humiwaﬁmw%aLUﬁauﬁﬂmwadﬁmm
nisasialalawnsuviilananisoieviy :

5 F-4 PR i
- . o adaledend
loaaTILUlFLNAAaIMIVAUMENT  WaraNa
B F-1 5 as P E
MLADNAIGDS (Computer-Generated Holo- lalaunsugdaasien lasun1saseau
a i & - v} & s U
gram) 7i3undn lalaunsudaaed nia CGH  asusndlatszanms 25 Tisiwan [1] lelaunss
§ A = e g i = v oA

ldlaunsuduanyinie caH faawunmile  dueneiuduusnldmsdouglonsie swoy

] d =1 F=9
daslfiasaInunAunmnlalawnsy

| a . as | a
nilalaunsufithevilosass dhathagu dag
aldvildsndudasfiagasaniasaduiag
amldlouar  ssnsnauguasunlaad

WR Y

ﬁmﬁ'ﬂ%’ﬁ‘lﬁLamﬁau‘l.um*:ﬂ’wmmﬁquﬂﬂ
I.!'.ﬂz

Lazammwradlalawnsalidan

o = - G - G - o 1 1
’ ﬁ1ﬂ1§ﬂﬂ]ﬂ1‘ﬂ]ﬁﬂﬂﬂ ANZINUIAITAT UHITINVIAUUDUUDY . UBUUDUH 40002



measulalawnsudseaamnnes

HANMITHALNYHI)

M3d3  CGH Ananmswmiaumstie
vilalaunsuuuldznaaamnilszms  nan
A 1919 AANUUITANUIENBUAILIAGN )
nay N 30 udazyniuunasmiiaunas
WUS 2] WamInaiuzasedunTag N
6 aunIndaaiuauaIiIBILUIT LN

ANTUING ] FEWIVAINANIUUNABITUIL

b

lalaunsa  lvidnUagauarduniszauna
AUROLEETAUS N 30 Jautlu A, A, As,...

A, UWRY Iy, I, Fapy Ty MUAGLULET ANINIDN
A d . .
| uusewulalaunsn (xy) Nagiehunia z = 0

vilenln

AN 1 HHUAIWAIATHINHIAI AN A YY
uwulalaunsu

- ¢ "; o "; =
NINTINNAEAT UY. 1IN 19 AVTUN 1 UANAN-NUINY 2534

35

| = A2/2 + 1/2 [(A/r)? + (As/r)® + ... +
(A1)

+  [(A/rq).(As/ry) Cosk(ri—ry) + (A4/rq).
(As/rs) Cosk(ry—r3) + ... + (Ay/ry).(A/T)
Cosk(r{—r,)]

+  [(As/ro).(As/rs) Cosk(ra—rs) + (Ax/ry).
(Aa/ry) Cosk(ro—ry) + ... + (As/rs).(A/T,)
Cosk(ro—r,)]

+ot [ (An/Th1)-(ASr) Cosk(r,,.4 — 1)
+ A[A,/r; Cosk ry; + (As/ry) Cosk ry +... +

(A /r,) Cosk r.] (1)
loun k = 27451, = [ (x — X% + ty = ¥

2 & 2
< i Sl an- ARANNEIINAULLE

IENISAUN LN

L L1

msvilalawnsy  tudasmayuuleay
NABAINI DT ADNNUADITIUATEY  HIUNDU
mMsymsaniu 2 Usems aa  Amsuunn
(recording) Ltaﬂﬁﬂ’l‘iﬁ%”mmwl%}i (reconstruc-
y [ 7 tfr i F_ 4 i i
tion) Mavu  yangaRsleitsnuaanidu 3
d1 Gtk

dawfl 1 anmenndnunsswulala-
wnsuasAnwasnsduEunInlalaunss
Iudrnitdasadelusunsandn 2 lusunss

Tusunsad 1 Wultsunssdiminaina
dnuuszunldlaunsy  wasfiudoyaiefa
MW Gray Scale dialy msewinildaumn
logimuaduniaiang IUIUIALRINN
guingadlalaunsn  wianmedmwaugauu
Talaunsxacly Tusunsadivawaulasld
MM C 289 Turbo C++ 1.0 uuinIaslales-

ARNAGDS 386



5 & oy - . . - =
36 MMM vy, 1 19 MU 1 WNTIAN-UUINY 2534

Tusunsud 2 WnlysunsunannIn
Gray Scale laevhdanaanlysunsui 1 an
ANNANANT N NI URBEANNIL Y WA

- =i (4 g s .5' T
Talaunsy  TUsunsuARanmng Wiz uln
ASDRNNANLE 13 SUAUANNITNLWA D
Fay 6 2 : :d..l:llf B A = &
AUWULLL  dot-matrix FILUN LELATDINNN
Epson FX-80 30 1 39 Wanaanilluawe
5 x 3 ANNN MILRUFULLLANNNIILLY

o & -1 " .
gpageiaawia 5 x 3 % MlWdansouda

N 2 ueumnlalauniuvesingiiiv gaoylu
t v : 2 N
UUAAUNHIUYANINATIYDIANAIDIID

E - . . T . 4 o
. R & g
A .
‘F-. 'I-IQ ] +,a_h¢* PE ,:él;.p o -‘rl"._.l.:r
e N . T rl.lﬁ, -
h. o == - = -

maadlalawnsaunienauninesd

anauanesaMNaNlane 13 sEeu

dauft 2 asouwuianlalaunsy W
cuunnlalawnsundnw e lavindudlas
iAW I Heuia 989 NLUARNSTIMNY
sl TeauldWng litho

" ﬂi o i = i ey 6

daufl 3 aHemwinsunwiaslala-
unsuilamaiudiuiagasBaauthaa e
LU AL d TR lda Aty warmamw
o I ! |
ngnaFeaunina

rhick
b

a3 unumwislaunsuvodiaguiluga 2 99

1 1 I . ¥ - 1 - ﬁ'
i 5 anoiadieaulmi nieiipi 4 hivhalag
af ¢ T
ummrvoarldy  lithe tazdBIRAIVIAY
iaryesdiauy—voou




nmsasulalaunsudrenaunnnes

MUITYIYMW
= i
sU9 2 Wusdununmlalaunsy 98
ﬁ“mq:ﬂuqmﬁmmmmu ANBUEAINAIL
flaaaunulaninag (zone plate)

U7 3 dugdveswiumnlalaunsnes

Ly

ARG 9

oy
22

2
sU# 4 iugtudunmlalaunss 289
a' 'l L. el A A ] . v
i W Fadigeludanuaviorag 36 In
wargun s dumwieeaaid e
i 1 i - . = :
ﬁnﬁnﬁ%“lwu‘lmu Havie Jun 4 Tuvindlu
dlasiumAnlegldiNan  litho WA LAY

AasgiAuNTiaau

)

= o ; a i i
NaMSITERYIILANTILN
- ceH lusndudadldNauniiianas

|

avlduauneeNay  lalaunsunaiayia

.| ".'-‘ I W .
NINIIMNNINTAT VY. UN 19 YN 1 UNTIAN-INNY 2534 37

oY o [ d ::l i =
9399 auavdluuuamanieimiagillelams
Iivilalaunsalidszanalduselogs luau
¢ o leanann
s .=i = Hﬂ I i
- AagAimen g niandzUswdudon
3N 9 @nsoldis CGH anulalaunsale

naAnsIulszmd

TYDUNMMAINANANANFRUAUULAY

L B D e B | 5 as =6 s

Inulumsyidei waange awadaa 7y

anlInmuazuusihdnidvdsslogianag
= o - = 3 y -

ey 339901 AeRanunnlalawnsn

= 2 |
LAY ANANGNY JOMYNT NTIBEIUMITEMN

(ONA1591993

1. N. Collings, Optical Pattern Recognition using
holographic techniques, Addison-Wesley Publishing
Company, Wokingham, England, 1988.

2. X. Chen, J.Huang and E.Loh, Computer-assisted
teaching of optics, Am. J. Phys: 55(12), December
1987.

aaannala by

B i

‘“...You can fool some of the people all of the time, and all of the people some
of the time, but you can not fool all of the people all the times...”’
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ABSTRACT

Phenylthiocarbamide taste thresholds were randomly determined in 223 schoolchildren of the
Sui people in the Sui villages, Sri-saket province. The non-taster frequencies are 6.37 percent. The mean
threshold among tasters are 7.51. There is no significant between the sex in the Sui population group.

Color Blindness were tested in 125 male pupil, and 155 female pupil. There were protan in 4 male and
duetan in one male. The red-green blindness frequency are 0.04.
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Abstract

Protein contents of crude extracts from plant can be repidly assayed by using scanning densitometer.
Total protein is extracted from 100 mg of fresh tissue using 3 ml of extraction buffer. One-microliter aliquots of
crude extracts are spotted on sheet of Whatman 3 MM chromatography. The dried samples are stained with 20%
CH,COOH. After drying and by using a scanning densitometer, protein concentration is calculated from peak
height and peak area

In alternative procedure, each spot is cut from the sample sheet and the dye-protem complex eluted
in 1% SDS for 1 hr. Absorbance is subsequently read at 590 nm spectrophotometer.

Both procedures offer distinct advantages over previously reported methods. They avoid inter-
ference by chlorophyll and can measurements of protein concentration below 100 ng. ul |
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, 2. 7.080 6.830 16.91
3.  6.225 5.935 13.15
2. UDANYIY 1. 4.390 4.240 8.070
2.  5.050 4.810 8.825
g."  7.780 7.530 9.105
3. T 1. 5.040 4.810 5.750
2.  5.420 5.130 4.160
3.  2.060 1.950 3.220
4. matasg 1. 5.600 5.490 5.440
- 2.  5.470 5.310 4.930
3. 3.070 2.980 9.720
5. ¥LOM 1. 3.090 2.810 23.90
2. 7.720 8.060 31.400
3. 6.210 5.970 27.620
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3.00 0.294 F 0.325 0.379
2.00 0.188 0.198 0.358
1.00 0.085 0.101 0.145
0.60 0.045 0.035 0.082
0.40 0.026 0.042 0.052
0.20 0.015 0.016 0.025
0.10 0.010 0.012 0.014
0.06 0.006 —I 0.006 0.00%
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(Cytogenetic Studies on Four Species of Thai Squamata)
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Abstract

The first cytogenetic survey was made on four species of Thai squamata : Gekko gecko, Calotes
versicolor, Calotes cristateflus and Mabuya novemcarinata from Ubon Ratchathani and Khon Kaen provinces.
Ten specimens of each species were studied. The chromosomes were studied from bone marrow cells by the
colchicine-hypotonic-air drying technique with Giemsa staining. The results of this expenment are as

follows:

1. Chromosome complement of four Thai Squamata consists of 38, 34, 34 and 32 repectively,
They are divided into 2 groups : macrochromosome and micro chromosome.

2. The diploid chromosome number of G. gecko is 38. The karyotype comprises 2 pairs of
metacentric, 3 pairs of submetacentric, and 14 pairs of acrocentric.

3. The diploid chromosome number of C. versicolor and C. cristatellus 1s 34. Chromosome size of

each karyotype is divided into 2 groups :

6 pairs of macrochromosome comprises 4 pairs of metacentric

and 2 pairs of submetacentric, and 11 pairs of microchromosome.
4. The diploid chromosome mumber of M. novemcarinata. 1s 32. Chromosome size of karyotype

is divided into 2 groups

: 9 pairs of macrochromosome comprises 5 pairs of metacentric, 2 pairs of

submetacentric and 2 pairs of acrocentric, and 7 pairs of microchromosome.
These results will be useful for Cytotaxonomy of reptiles and help developing technique for chro-
mosome preparation so that quality of chromosomes can be cleary seen, time saving and high metaphase

yield.
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1. ﬁﬁﬁﬁﬁtmﬂﬂﬁﬁ‘ﬁu (Colchicine)
ANNENTY 0.2 mg/ml Usvanms 0.2-04 ml/
100-200 NSH WNTnen Whlueaswias (intra-
peritoneal cavity) %ﬂ&ﬁﬁ’iﬁ’}ﬂﬂﬂ ﬂﬁﬂﬂﬁﬂ%
mu 1-2 il (@Emdunuanavedas-
Talonayduifinly

il polyploid)

Lavdmaunlaslulgnaiaay

2. NNuBEaLdaisiateie  Bmnes
(ether) Lﬁamﬁaﬁﬁmmﬁqmwu, M BENN
W@ (humerus, radius-ulna, femur, tibia-fibula)
LAENTEQANGN ) Tuamsideeead  (sup-
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avaelalislniia  (0.075 M KCI hypotonic
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Aalvimdaly 1 ml wanlvivh
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e @snhen  fixative aglUBnld leU5nag
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DTN (aging)
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m = metacentric, sm = submetacentric, ac = acrocentric, micro = microchromo-
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Karyotype
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