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The Role of Science in the Thought of
President Chiang Kai-shek:
Selections from his Writings

Cuou CHuNG

Core Curriculum, College of Science and Engineering
and College of Foreign Languages

ABSTRACT

1986 is the one hundreth anniversary of the birth of the first
president of the Republic of China, Chiang Kai-shek, President
Chiang, together with the other founding Fathers of the Republic,
saw empirical science, both its method of critical inquiry and its
technological innovations, as critical to the development 0f the
nation. At the same time they recognized the importance of pre-
serving and enhancing the traditional values of Chinese society.
As both a commemoration of the late President and an encourage-
ment to further scholarly study, Professor Choe Chen, Professor of
Modern Chinese History in the core curriculum of the College of
Science and Engineering and the College of Foreign Languages, has
provided us with excerpts from the writings of President Chiang
on the topic of the role of modern science in China.



*%ﬁ%%ﬁ+§%ﬁﬁﬁ§%%ﬁ*ﬂﬁ%@%ﬁ%ﬁ%ﬁfﬁ%ﬁ%ﬁﬁ ~ 2 ~
LT — R IE) g o LESY WA SR EAERAR RSB SRS DE o

A Villers 1801 EE TR T Bk S (cyclodextrins, LT RATREER )
Lls¢i®s® Schardinger, Tilden, % French s pa JephpEre ) TG RO TS
W A TR 5 35 2T 4 SRR R BT ©

R4 Schardinger dextrins » kRS (cycloamyloses)
HEUREEEE (cycloglucans) o B IER L 1, 4 glycosidic
linkage Fiit & RMBIRINES » Hb o, 8- R T- BN S BRI 607
T 8 (AR AR (VB (11159 o JEOt 8- e, O I B REARS
it FOZEOATES » B e O (BAA R TR A OB 217 o

RGBSR

—RTE o ERWRER A TR 7R R AT B T SRR IR o £ FIBER
AT EARRE B - () F I TR R AR » ELAETRR rp PR A AR
B o =) T A e e Bt B AR (e & (inclusion complex) e
T AR » TIRE R R ©

a-, B T T-ENE R EA AR o n3k] B B-EERRE 2 TR
a- T T-EENHEE o 7olR RIMSRAEMBERNE R ERRIR IR B R AR
FHI o ﬁﬁﬂ!ﬁﬁfﬁz%ﬁﬁi@)‘(Tﬂ:‘ﬂ?%lﬁiﬂﬁﬁﬁﬁ(‘-”’ ©

TSR AR A EFORA TR © sHenmjg B in amyloglu-
cosidase@., g-amylase®® & pullulanlase®? s SRR S T R o
Tir s in Taka-amylase (Aspergillus oryzae amylase) IR 4
FRERERE(7.21.28,50 [T IR a- TSI ERE R0 o ARRRIER B IE
AR o AR KBS AR (Bacteroides strain) T LMGZRIIRG T
fR® o
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KL e, B-, 70 BUIRER S RS M) M BT

l -CD B-CD 7-CD G+a-CD | G.g-CD
Number of glucose J
residues per ring 6 7 8 6 8
Cavity diameter (A) 6-7 -8 9-10 NM? NM
Solubility (g/100 ml -

40, 25°C) 14,5 1.85 23.2 >100 =15
[a]p®® (in H,0) +155.5 +162.5 +177.5 NM +178
Crystal form (in H,0)| Needle Prism Prism Needle NM
Complex color with Brown-

oding Blue Yellow Orange purple NM

: @-CD: a-cyclodextrin; g-CD: B-cyclodextrin; ¢-CD: r-cyclodextrin;

G+2-CD: 6-0-2-D-glucosyl-a-cyclodextrin; G.g-CD: 6-0-a-D-glucosyl-g-
cyclodextrin.

b:

Not mentioned.

Source: Kobayashi ef al.®D, Kobayashi and Kainuma® and Abe ef al.(,

K2 BRWRE R R A

Optimun | Heat stability Mai
Bactaria Optimun| pH tempera- cC) ie?cjiogf Yield
spieces pH |stability| ture w/o | with | CDe P
C Cat+ | Cat+

Lo 5.2-5.7 | 8.0-10.0] 55-56 | 50 60 | aCD | 50-60
Bacillus " y
megaterigm | 5-0-5:7 | 7.0-10.0, 55 55 | NM?| pcCD | NM
Bacillus stearo- 6.0 7.0-9.2 70 50 NM B -
thermophilus ' ST
Bacillus
circulans 5.2-5.7 | 7.5-9.0 55 50 NM B-CD NM
Alkalophilic &
Bacillus sp, | $:59-0| 6-10 | 45-50 | 65 70 8-CD | 75-85
Klebsiella
preumoniae 5.3 6.0-7.5 NM NM 45 a-CD 50

a: CD stands for cyclodextrin.
b: Not mentioned
Source: Horikoshi('®,
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B Kerr 2 1EBsE b2 — O RR A » RIEIMETTE » F A
PEHS S SRR R AT A S I B8 (cy clodextrin glycosyltransferase »
#s CGTase) {EHTAE o CGTase EHIFEHL A B. macerans®.1%,38,81,58,00
Fi Ll 27855 B.macerans amylase (BMA) o BT B. macerans 24
CGTase AR 72 B. megatersum®®, B. circulans, B. stearothermophilus®®,
alkalophilic Bacillus T K. pneumoniae %5 MEH#k#E] o RRIBEHKATEN
TR R AR —EE 0 2 2718 T —2 CGTase Ak o CGTase BT
TR » e RERE A G o

CGTase FERRMEREA 3 : CHLER o KBS HIEERRY]
B IR 22,0139 5 (C)E4RRE (coupling reaction) e AHEszE (acceptor
sugar) AE7ERF 0 CGTase WIHGERMIRSIEE » TR SRR OS5
1¢,16,18,23,25,26,81,80) 5 WpF Ll B. megaterium 7 CGTase BREBEC® » EE
gl E S EM/RR (disproportionation) o FEIEEEEE (saccharide) WLIEHAC”
HR A TR B SRR REE GO ©

s 2 PRTe 435 M ¢ alkalophilic Bacillus FiEEH) CGTase B SERE
IR (9,20,10,40) o [ 1 REF| B AT T RBGEER AR ; 1 85°C i%&4 10mM
CaCls, CGTase % pH 6~9 Z15% BN in B i /b30/) 6 - REEMEAER
2= 55°C » 3658 pH {EZS8.5 o BiMA CGTase MfTEILIER 24~44 o B
MEEE 100 ~ 120°C 4 CGTase kkiGl: o MRREGRZE pH 6 ~7 #INA
a-amylase DHREREENE » FRIEEDIREG bR T Aotk i R BT
#% 5 1 60°C RIERLES 45~50 Brix o JRFEHAEKR B (25°C) » Belh g »
TG - R ET a- T T-BRHIR 2 R o

R o AWM AE (membrane technology) @yEERE » FIHARFILIFIR
IR A ZEERMIRE o Kobayashi @9 B T SR S A PR BN o W
[ 2 Fia M iEs L CG Tase TERL I IEH: » FIFIEM (ultrafiltration)
WG T OEREREIR o TRz CGTase T w4 Bl AT PR S RETE K
TRETES o KBRS TS SR BRI YT RIBE (reversible osmosis)
SEFTILEE o WG ISR E RS Sklrh » (F B-ERAIRERS S o AmMTEEE a8
s > B R B-BRRIE RS AR o

B CGTase B—EIIMEEKE » FHER CGTase MG IKMAFER
T R E TR, a-amylase WikHIRD CGTase My » {EECRW
FANEEEE A CGTase MARIFFESD o ot » ZRTTHE CGTase EHEEA
LAIRA BESEITREE



10 BRI OR 2w ee
; J 15% Starch with 10mM CaCly,
PH 6-9.
wead Suspension
l,]“ l CGTase of .
alkalophilic at 85°C for 30 min.
Bacillus
J P Cyclodextrins at pH 8.5, 55°'C,
il i Formation for 24 hr.
( { Inactivate .
CGTase boiling for 30 min.
diodfylase pH 6-7, 80'C for 4 hr.
Treatment
Decoloration
Delonization
Concentration
Crystallination 25°%
Crystalline'
ﬁ—CD Mother Liquor
T
,Deionizﬂtion I [ Gel filtratlonl

|Concentration

I
[ oD  v=cp ]

Syrup

Concentration

P 7
Crystallination

Crystalline
-CD

Crystalline
o=CD
Source: Nakamura and Horikoshit,

R 1. S A A B e

CGTase
e
N

reaction e
\CGTaN filter sk crystallization
~ press )
| ; ST y-cyclodextrin
— d=-cyclodextrin
— f-cyclodextrin
—t
] e
liguefaction Jjet cooker ultra- raveraiile
= filtration P water

Source:Kobayashi ef al.3®),

& 2.

CEF TS B AT TR



SR EETHF LR TR R o R R A A R 0 A
FRH A R R ) o ERASERESETER & CGTase #ETHEE
FREHski - Ohifa ik o Wilson&s GO BI7E e IMA 1 % oleic acidfk

’Eﬁ%¢§@mgﬁ%%ﬁ’E%ﬂ%ﬁﬁ%%@ﬁ%ﬁﬁ@?ﬁCGﬁ%
PR TR BRIR R o SRR o (EfEFREE T o Flan 1 o ABIEEE » FILL
ﬁﬂkﬁm~%%%ﬁﬁﬁ§i’ﬁ%ﬁﬁwﬁﬁﬁgﬁﬁéﬁtﬁﬁﬁfE%
T3 R 1524 BRI AL 00040 o A T R B EIRD 10~15 22BN
éﬁm@OM&ﬁ%ﬁﬁﬁcE%CGM%%~ﬁﬁ%ﬁ’E%E@ﬁﬁﬁ%
SRR 0 ERMRE R o (B LB IE FERUR » 78 200 mM FhERENIR
wivsys (pH 6.9) Ho & K. pneumoniae . CGTase Vet » PSR T-8
o e A HERER SRR o e » EHLR S RS
B. macerans CGTase fEf# s A BB FT024 K502 ZHE 2 BT e
E%%ﬁ%%&%ﬁﬁﬁ%ﬁﬂﬁéﬁo(ET%e#%E%ﬁw%ZAﬁim
» Bz a7 AN 2 (ﬁ)ﬁﬁi’ﬁﬁaﬁﬁ o R N7 [ A3 S T
5 TTIE IEERE EE AL o P 65 helix MBS EIEMERE 4 SDS "M a7
mﬁéi’ﬂﬂﬁﬂﬁ&rﬁmﬁ@ﬁmmwmﬁﬁiﬁﬁTGMHXﬂﬁE%
& » fn Triton » HUEM B-ERAFEERL Y o

RS 2R

EEbR 7S R TR O ERTREE S 0 njE 8 EE ARk » AR REIKE:
Bt LR 5 Sl b SR A & (inclusion complex) o HHIZRHIE
HRERSL. B-BREERE A BB S i P ) SC BRI 45 PR R BRI T ©

Nakamura Horikoshi® S < {2 FUHE MZRHRE v Ji6 i 72 B0 .
£ ~ bR BRI S I o R Ve R A ER R ARAER B InEES
TR T R IR A MR o ERBE BRI 0.3 3= 0.5 95 B-FRAHE OHIRER
#p s BT LAFER naringin B limonin FiB &% M5 IER hesperidine
B A MR IUTERES2.10 o TR & T ¢ REERE T HEASE C WA B-
Ex=yith 15037 A

Linder B3 ERKRE2E B P IE R Ay TTTERYS © A R AR T E R i IR
HoF I on BREER@ KR IMiEESEA ~ D~ E ~ KHWEAEY® ERINER
WEEaIEK (et B B A SR A B T A e A HIPRAD ©

W e B @

B A RMIERTR

ﬁtFﬁ']I%Fﬁ’uif’%ﬁ;@ﬁﬁéﬁ#’ﬁﬂfgﬁﬁﬁﬁ%ﬂﬁﬂbﬂﬁﬁ » BHTE LB TR
HEfTANE: B-BRRMF YT © Bl B A S FEBRSE T e I 73 SEPRARBI S
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3. o-BR S T

IFIB A= TE AR A P17 » MeRETRN a-, 8-, 7-FRBSIE O 45 WAL T B
PRI T PR M LR PV RS B o (3817 008 A B 5 0 8 AR IS b i
BUSETT 2 ZE TR MADRE TSR B T SR ) S5 7 11 2 BFAE o Bl A BBkl P9 o F:
BERATLL » {2 AE RITRGRS B Bl @ A R FAOHER F o ZRHDES 00T e e i
HESBA o

2 & X B

(1) J. Abe, Y. Taketa, S. Hizukuri, K. Yamashita and N. Ide, Carbohydr.
Res. 131, 175 (1984).

(2) R.N. Antenucci and J.K. Palmer, J. Agric. Food Chem. 32, 1316 (1984).

(3) H. Bender, Carbohydr. Res. 101, 279 (1932).

(4) H. Bender, Carbohydr. Res. 110, 245 (1982).

(5) H. Bender, Carbohydr. Res. 117, 1 (1983).

(6) H. Bender, Carbohydr. Res. 124, 225 (1983).

(7) H. Bender, Stirke 36, 46 (1984).

(8) J.A. DePinto and L.L. Campbell, Science 146, 1064 (1964).

(9) J.A. DePinto and L.L. Campbell, Biochem. 7, 114 (1968).



(10)
(11)
(12)
(13)

()

(16)

(17)
(18)

(19)
(29)
(€29)]
(22)
(23)
(24)
(25)
(26)
n
(28)
(29)
(30)

(31
(32)

(33)
(34)
(35)
(36)
(37)
(38)
(39)
(40)
(41)

A

W £ 2 % 13

J.A. DePinto and L.L. Campbell, Arch. Biochem. Biophys. 125,253 (1968).
D. French and R.E. Rundle, J. Am. Chem. Soc. 64, 1651 (1942).

D. French and R.L. McIntire, J. Am. Chem. Soc. 70, 3145 (1950).

D. French, D.W. Knapp and J.H. Pazur, J. Am. Chem. Soc. 12, 5150
(1950).

D. French, M.L. Levice, E. Norberg, P. Nordin, J.H. Pazur and G.M.
wild, J. Am. Chem. Soc. 16, 2387 (1954).

D. French, A.O. Pulley, J.A. Effenberger, M. A. Rougvine and M. Ab-
dullah, Awch. Biochem. Biophys. 111, 153 (1965).

D. French, J.H. Pazur, M. L. Levine and E. Norberg, J. Am. Chem. Soc.
70, 3145 (1984).

V.M. Hanrahan and M. L. Caldwell, J. Am. Chem. Soc. 75, 2191 (1953).
E.J. Heher, K. Mizokami and S. Kitahata, [J. Jpn. Soc. Starch Sci. 30, 76
(1983).

K. Horikoshi, Process Biochem. 14(3), 26 (1979).

K. Horikoshi, N. Nakamura, N, Matsuzawa and M, Yamamoto, Iaf. Sym.
on Cyclodextrins. p. 25, Bundepest (1981).

I. Joda'l, L. Kandra, J. Harangi, P. N'an’asi and J. Szejtli, Stiarke 36,
140 (1984).

R.W. Kerr, J. Am. Chem. Soc. 65, 188 (1943).

. Kitahata and S. Okada, Agric. Biol. Chem. 39, 2185 (1975).

. Kitahata, N. Tsuyama and S. Okada, Agric. Biol. Chem. 38, 387 (1974).
. Kitahata and S. Okada, J. Biochem. 79, 641 (1976).

_ Kitahata and S. Okada, Agric. Biol. Chem. 42, 2369 (1978).

. Kitahata and S. Okada, J. Jpn. Soc. Starch Sci. 29, 13 (1982).

. Kitahata and S. Osaka, J. Jpn. Soc. Starch Sci. 29, T (1982).

. Kobayashi, K. Kaimura and S. Suzuki, J. Jpn. Soc. Starchk Sci. 21, 131
(1974).

S. Kobayashi, K. Kaimura and S. Suzuki, J. Jpn. Soc. Starch Chem. 22, 6
(1975).

S. Kobayash, J. Jpn. Soc. Starch Sci. 22, 126 (1975).

S. Kobayashi, K. Kaimura and S. Suzuki, [J. Agric. Chem. Soc. Jpn. 51,
691 (1977).

S. Kobayashi, K. Kaimura and S. Suzuki, Carbohydr. Res. 61, 229 (1978).
S. Kobayashi and K. Kaimura, Fermentation and Industry 36, 176 (1978).
S. Kobayashi, K. Kaimura and French, J. Jpn. Soc. Starch Sci. 30, 62
(1983).

S. Kobayashi, K. Maruyama and K. Kaimura, J. Jgn. Soc. Starch Sci. 30,
231 (1983).

S. Kobayashi, W. Shibiya, B.M. Young and D. French, Carbohydr. Res.
126, 215 (1984).

A. Konno, M. Miyawaki, M. Misaki and K. Yasumashu, Agric. Biol.
Chem. 45, 2341 (1982).

A. Konno, M. Misaki, J. Toda, T. Wada and K. Yasumashu, Agric. Biol.
Chem. 46, 2203 (1982).

M. Matsuzawa, M. Kawano, N. Nakamura and K, Horikoshi, Stiarke 21,
410 (1975).

M. Misaki, J. Jpn. Soc. Starch Sci. 31, 98 (1984).

mwmwmuymuynn



14

(42)

(43)
(44)
(45)
(46)
(47)
(48)
(49)

(50)

(51)
(52)
(53)
(54)
(55)
(56)
(57)
(58)
(59)

(60)

7

’/

AN i 1

K. Linder, Nahrung 26, 675. (In Food Sci. and Technol. Abstr. 15, 2783
(1982).

J.J. Marshall, FEBS Letters 37, 269 (1973).

N. Nakamura and K. Horikoshi, Chem. Econ. Eng. Rev. 14(9), 32 (1982).
E. Norberg and D. French, J. Am. Chem. Soc. 72, 1202 (1950).

J. Pitha, Life Sei. 29, 307 (1981).

A.O. Pulley and D. French, Biochem. Biophys. Res. Commun. 5, 11 (1950).
P.E. Shaw and C. M. Wilson, [J. Food Sci. 48, 646 (1983).

P.E. Shaw, J.H. Tatum and C.M. Wilson, J. Agric. Food Sci. 32, 832
(1984).

H. Shlenk, D.M. Sand and J.A. Tillotson, J. Am. Chem. Soc. 17, 3587
(1955).

A. Stavn and P.E. Granum, Carbohydr. Res. 75, 243 (1979).

N. Suetsugu, S. Koyama, K. Takeo and Kuge, J. Biochem. 76, 57 (1974).
K. Takeo and T. Kuge, Agric. Biol. Chem. 33, 1174 (1969).

C.P. Tang and G.O. Lei, Tatung J. 14, 85 (1984).

J.A. Thoma and D. E. Koshland, J. Am. Chem. Soc. 82, 3329 (1960).
E.B. Tilden and C.S. Hudson, J. Am. Chem. Soc. 61, 2900 (1939).

E.B. Tilden and C.S. Hudson, [J. Bacteriol. 43, 527 (1942).

A.T. Tu, J. Lee and F.P. Milanovich, Carbohydr. Res. 76, 239 (1979).
E.J. Wilson, T.]. Shock and C.S. Hudson, J. Am. Chem. Soc. 65, 1207
(1943).

C.P. Yang and C.H. Hung, ZTatung J. 14, 95 (1984).

Cyclodextrins: 1. Review of Recent Research
Related to Properties, Sources, Production
and Application

N.J. Suig and C.P. Cuiv

Graduate Institute of Nutrition and Food Science

ABSTRACT

The cyclodexirins is reviewed. A brief discussion of cyclodex-

trins properties, sources, production and application is presented.
Because of the increased interest in this research, some recent

research areas in Taiwan are described also.
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THE MAGNESIUM-DNA BINDING PROBLEM
A Dilution Study

Erizapeta H. MEr*

Department of Chemistry, University of Minnesota

ABSTRACT

The magnesium-25 NMR line widths are followed as a function
of the solute concentration in agueous solutions initially containing
80 mM magnesium chloride and 20 mM DNA phosphate both in the
presence and absence of a high sodium chloride concentrations. The
#%Mg NMR line width is independent of concentration at low sup-
porting electrolyte concentrations, but decreases in a manner con-
sistent with a simple mass law binding reaction in high supporting
electrolyte concentrations. This series of measurements demonstrates
the modulation the counter ion binding equilibrium by the electro-
static part of the association.

INTRODUCTION

A number of features are involved in a detailed understanding
of metal ion-macromolecule binding. Of particular interest is the
relative importance of specific or chemically bonded interactions
compared with non specific, longer range, electrostatic interactions.®
We follow the suggestion of Manning® to take as specific interac-
tions those that involve the first coordination sphere of the metal
jon. By territorial binding we will include those interactions which
at a minimum maintain the first coordination sphere hydration of
the metal jon intact throughout the interation. DNA serves as a
good model for a linear polyelectrolyte, though it clearly holds a
wider fascination. Previous studies®~® have demonstrated that the
Mg NMR spectrum is influenced strongly by relatively slow chem-
ical exchange reactions with DNA environments which is taken as
primary evidence for the involvement of the magnesium ion first
coordination sphere in at least some magnesium-DNA interactions.

* Current address: Elizabeth H. Mei, Ph. D., 842 Morningside Drive, Millbrae,
CA 94030, U.S.A. Dr. Mei is an alumnus of Fu Jen Catholic University.
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This conclusion is in constrast to that reached based on a kinetic
argument advanced by Porschke.® Studies by Kearns® 9 ef al.
exploiting paramagnetic divalent metal ions have led to the con-
clusions that about 1525 of the bound divalent ions Mn2?+ and Co2+
are involved in a first coordination sphere association. Though there
is little reason to believe that the group IIA metal ions should be
equivalent to the transition metal ions used in these studies, the
result is not inconsistent with the *®Mg data, the quantitative inter-
pretation of which requires an assumption about the strength of the
interaction driving the relaxation or the chemical exchange rate,®

The Mg NMR data raises several questions about the extent
of first coordination sphere vs territorial binding interactions. At
high concentration of both DNA and magnesium, sodium and calcium
ion are unable to titrate away much of the Mg NMR line broaden-
ing. Previous experimental limitatlons prevented exploration of the
#Mg NMR spectra at low concentrations though the NMR spectrum
should reflect the difference between territorial and specifically bound
structures. The approximate range for magnesium-phosphate asso-
ciation constants is known, and is such that, in the absence of
poly ion effects, the Mg-DNA complex should dissociate on dilution
of both partners into the mM range. We report here the results of
a dilution experiment carried out on magnesium-DNA solutions that
demonstrates clearly the simultaneous importance of electrostatic
and chemical interactions in this poly ion-divalent cation system.

The basis of the experiment is that, based ona growing library
of experimental evidence from other nuclei®-1® Jarge effects on the
quadrupele relaxed Mg line widths should result only when the
symmetry of the hexaaquo is lowered by disruption of the first
coordination sphere. Thus, the Mg NMR relaxation will be most
sensitive to or largely dominated by the site specific interactions.
The remaining longer range effects are expected to be similar to
those found for *Na-DNA interactions, 4. i, e., several Hz, but not
hundreds of Hz. We report here a pair of experiments that are
elementary extensions of preuious work made possible by advances
in instrumentation.
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EXPERIMENTAL

The NMR spectrometer employed in these experiments was a
Nicolet NT-300 operating with a 98 mm bore Oxford magnet and
the standard Nicolet multinuclear low frequency probe. The magne-
sium-25 NMR line shape is known to be nonlorentzian, a problem
that will be addressed elsewhere,®® and the present report includes
only the full line width measured at half maximum height. The
experiments summarized in Fig. 1 were repeated three times on
different samples and the errors in the line widths are at least 5%
due to small fluctuations in the temperature and magnet homogene-
ity. Samples were contained in 15 mm NMR tubes and m %at
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Fig. 1. The magnesium-25 NMR line width measured at

18.36 MHz for two types of DNA samples. (&)

The initial solution contained 40 mM MgCl, and

10 mM DNA phosphate and 10 mM NaCl. 10 mM

NaCl was added as the diluent. (H) The initial

solution contained only trace amounts of sodium

chloride, 10 mM DNA phosphate, and 40 mM

MgCl,, Water was used as the diluent. (®)

The initial solution contained 80 mM MgCla

and 20 mM DNA and 1 M NaCl. The 1 M NaCl

was used as the diluent. The solid line through

the filled circles was calculated as described in

the text based on a simple mass law binding

interaction with an apparent equilibrium con-

stant of 30 M—t; however, as discussed in the

text, this value may have no fundamental sig-
nificance.

* Few data points in this figure are taken from Ms.

S.H. Peterson’s Master Degree thesis, University of

Minnesota, Chemistry Department.
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1846 MHz. Temperature was controlled in the usual ways with a
nitrogen gas stream.

The DNA used in this work was obtained from Millipore Cor-
poration as the calf thymus preparation. The aqueous solution was
sonicated ten times with 15 sec bursts at ~50 watt followed by 15
sec cycle with the power off, followed by 5 minutes of cooling. The
above cycle was repeated 8 times. The DNA was characterized
using Agarose gel electrophoresis to measure the average size of
the product which was found to be 23 kilobase pairs. This product
was dialyzed against EDTA to remove possible contaminant metal
ions followed by extensive dialysis against water. This product
was precipitated with absolute ethanol, centrifuged, lyophilized, and
stored in the freezer until use. The NMR samples were prepared
by weight and the final concentrations determined optically using a
Cary 17 D spectrophotometer.

RESULTS AND DISCUSSION

The magnesium-25 NMR line width is shown in Fig. 1 plotted
as a function of concentration for magnesium-DNA solutions in the
presence and absence of a high supporting electrolyte concentration.
In the first experiments shown by the solid triangles and squares,
the magnesium-DNA sample was diluted with water. In the second
experiment the electrolyte concentration was maintained with sodium
chloride at 1.00 M throughout the dilution of the magnesium and
DNA concentrations. In the first case no decrease in the magne-
sium-DNA interaction is reported by the NMR measurement, but in
the second case thc decrease in the binding interaction is readily
apparent.

The data qualitatively demonstrate the importance of the elec-
trostatic and the chemical components of the overall binding. When
the electrostatic contribution to the binding interaction is minimized
by the addition of a high concentration of supporting electrolyte,
the system behaves in the same was one expects for simple site
binding. In the absence of the supporting electrolyte, the system
behaves like the effective association constant is considerably higher,
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presumably because the equilibrium between the magnesium ion and
specific sites is buffered against the dilution of the bulk solute con-
centration because of the electrostatic concentration of the counter
ion close to the macromolecule. It should be noted that the electro-
static contribution alone is inadequate for describing the NMR
experiment as in that case the high concentrations of sodium ion or
calcium ion used in this and previous experiments should displace
virtually all of the bound magnesium ion,®#® which is not observed.
Quantitative interpretation is more difficult. The solid curve
shown in Fig. 1 was calculated with the assumptions that the mag-
nesium ion-DNA interaction could be described by a simple mass
law association reaction involving equivalent and independent sites.
With this very simplified model, the data are fit with an apparent
equilibrium constant of 30+10M™* and a line width for the bound
environment of 120 Hz. Neither of these figures is in agreement
with expectation and both are subject to critical evaluation.
Though there is considerable compensation between the line
broadening parameter and the apparent equilibrium constant in the
fitting precedure, the data are not consistent with an equilibrium
constant considerably below 20 M~! or considerably greater than 40
M-t Nevertheless, even the smallest value is larger than our
expectations for magnesium ion binding to an isolated phosphate
diester group, though we are unaware of a really appropriate report
on a model system. This large value may arise from several sources:
1) the electrolyte concentration may not be sufficiently high to
eliminate all of the electrostatic contributions to the net binding
interoction; 2) the bound environment may involve bidentate coordi-
nation of the metal ion; 3) the phosphate sites may not be indepen-
dent. At 1.0 M the sodium ion concentration is sufficiently high that
further decrease in the magnesium line width was not found with
an increase in sodium concentration.®=® By this measure the con-
centration of the electrolyte should be high enough to minimize the
importance of (1). The possibility of bidentate coordination is real
and interesting, but we have no knowledge of what specifically this
environment might be. Simple geometric considerations based on
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the Watson-Crick double helix suggest that the distance between
pPhosphate groups is too great for simultaneous first sphere coordi-
nation of a single magnesium ion to two phosphate oxygens without
local denaturation or the participation of a bridging water molecule
at one site.® The participation of nonphosphate donor atoms is
also possible, but the present experiments do not provide a test of
these possibilities.

An additional problem with the assumptions that lead to the
solid curve in Fig. 1 is that at the highest concentrations shown,
the equilibrium constant of 30 M—! predicts that the effective charge
on the DNA will be positive rather than negative. Though evidence
of charge reversal is difficult to obtain because of the nature of the
solutions, we are unaware of unequivocal evidence that this is the
case. An alternative is to assume that only some fraction of the
phosphate groups is suited for the site specific association relaxa-
tion. For example decreasing the effective concentration of phosphate
groups in the equilibrium expression by a factor of 10 drops the
fraction of phosphate groups coordinated to magnesium from about
662 to 7% at the highest concentration of Fig. 1, which is not far
from other estimates of the importance of site specific interaction¢.!»
using similar metals. Though such as assumption may be reasonable,
and is supported by previous work using paramagnetic metal ions,
the present data are clearly not sufficient for a precise accounting
of the number of phosphate groups involved in first coordination
sphere bonds to magnesium ion.

The magnitude of the line width in the bound environment is
obtained from several assumptions about the nature of the nuclear
magnetic relaxation in the magnesium-DNA solutions. Though there
are effects of nonextreme narrowing likely to be important in solu-
tions such as these,'® a simplified model is appropriate to this level
of approximation. The observed line broadenining is then given by
the elementary relation:

(AVobs = Aycomrol) = PE AV& (1 )

where P; is equal to the concentration of the magnesium-DNA
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complex divided by the total magnesium ion concentration, and the
bound line width is given by

A”:M?lr_(Tza}l-rax) (2)

The value of 120 Hz used in the calculation of the solid line in Fig.
1 curve B is surprisingly small given the relaxation rates for mag-
nesium jon in complexes such as MgEDTAU® or MgATP.2» This
figure cannot, therefore, reflect even a crude approximation to the
bound relaxation rate, 1/Tz5. As demonstrated previously, the metal-
ligand exchange rate makes an important contribution to the line
width in these solutions. Thus, equation 2 simplifies further to be
directly a measure of the exchange rate. If all the phosphate groups
are included in the interaction, this approach predicts a lifetime
of 2.6 ms, which like the equilibrium parameter is large. If one
decreases the effective concentration of phosphate groups that are
uniquely suited to participate in the binding interaction, by a factor
of 10, then the lifetime of the Mg-DNA interaction must be adjusted
toward shorter times by a similar factor. A factor of 10 decrease
in lifetime is more consistent with magnesium metal-ligand exchange
kinetics. In any case it is important important to note that the life-
time of magnesium in the binding interactions monitored by the
magnesium NMR is long, on the order of tenths of ms, many orders
of magnitude longer than those characterizing the solvent separated
interactions deduced for the hydrated alkali metal ions such as
sodium jon®® or reported for divalent ions using transient kinetic
methods. It is interesting that the most reasonable interpretation
of the *Mg data is consistent with the results of Kearns and Co
workers for Mn®+ and Co*+ ions.

In summary these data provide evidence that a fruitful way to
think of the divalent ion binding interaction with linear poly elec-
trolytes is as the sum of contributions from the electrostatic concen-
tration of jons at the poly ion surface and chemical or site specific
interactions. These data suggest that the apparent equilibrium
constant for the first coordination sphere binding is shifted by more



Vid

than an order of magnitude by the electrostatic contribution to the
free energy. This sort of picture is often discussed and these effects
separated in considerations of ion-membrane systems, which for

The Magnesium-DNA Binding Problem

present purposes are two dimensional rather than one dimensional

poly ions,®v
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Mg NMR THE MAGNESIUM-ATP INTERACTION
— A Multinuclear NMR Study —

ErizaBets H. ME1*

Department of Chemistry,
University of Minnesota

ABSTRACT

Magnesium-25 NMR line widths are reported for aqueous solu-
tions of adenosine 5'-triphosphate in the pH range from 7-8 as a
function of reciprocal temperature for various ionic compositions
of the solution. The results indicate that the kinetic and thermo-
dynamic aspects of the magnesium-ATP interaction may be com-
plicated by additional equilibria involving excess ion participation.

INTRODUCTION

The binding of alkaline earth ions to ATP and other nucleotides
is critical to the activation, binding, and ultimate function of these
meolecules in controlling enzymatic activity and therefore a variety
of critical processes. Previous work on the solution chemistry of
ATP and related molecules is extensive,™ yet several aspects of
such solutions remain incompletely understood, and in some cases
controversial.® The magnesium-25 NMR spectrum provides a little
used method for investigating these metal complexes, and new high
field NMR spectrometers largely eliminate the limitations of signal to
noise that have previously restricted applications at physiological
concentrations. Earlier work on magnesium-25 NMR in ATP solu-
tions has pointed out the importance of the chemical exchange kinet-
ics between the ATP complex and the free ion environment in
the solution as possibly controlling the relaxation behavior of the
magnesium-25 NMR signal. In the earliest work® the temperature
dependence of the magnesium-25 line width was interpreted using
standard approaches. That analysis required a significant chemical

* Current addrass: Elizabeth H. Mei, Ph.D., 842 Morningside Drive, Millbrae,
CA 94030, U.S. A. Dr. Mei is an alumus of Fu Jen Catholic University.



/7

26 #%Mg NMR the Magnesium-ATP Interaction

shift of the magnesium-25 resonance on binding to the ATP. How-
ever, at that time, it was not possible to measure the chemical shift
accurately as in those solutions the shift was on the order of the
line width. However, with present spectrometers the shift may be
amplified at least 5- or 6-fold, and this interpretation has been
criticized because the large shifts predicted by the earlier analysis
are not consistent with the higher field NMR results now available.®
For this reason we have reinvestigated the magnesium-25 NMR
spectrum as a function of concentration, sample composition, and
temperature in nucleotide solutions. We have found that the tem-
perature dependence of the magnesium-25 NMR spectrum in adeno-
sine nucleotide solutions is complicated by several factors including
what is apparently a metal ion driven aggregation of the nucleotides
that depends on both the magnesium and alkali metal ion concentra-
tions in the sample.

EXPERIMENTAL

Disodium ATP was obtained as the equine muscle extract from
Sigma Chemical Company. Magnesium-25 was obtained from Union
Carbide at Oak Ridge National Laboratories, Oak Ridge, Tennessee.
‘The oxide was dissolved in hydrochloric acid (J.T. Baker Company,
Ultrex grade) and evaporated under vacuum to eliminate excess
water and hydrochloric acid. The product was dissolved in water
and the concentration determined by EDTA titration using Erio-
chrome black T as an indicator.®

The ATP solutions were cleaned of sodium ion by passage
through a Dowex-50W-x8 column (Sigma) and the resulting solution
titrated to the desired pH with tetrabutylammonium hydroxide
(Eastman Chemical Company). The concentrations of the ATP were
determined by optical density measured on a Cary 17D spetropho-
tometer.®

The NMR measurements were taken on a Nicolet NT-300 NMR
spectrometer using the low frequency broad band probe in an Oxford
wide bore magnet. The magnesium resonance frequency in this
field .is 18.36 MHz. Samples were contained in 12 mm Wilmad sam-
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ple tubes and the line widths reported represent the full widths
measured at half maximum height of the absorption mode signal.

RESULTS AND DISCUSSICN

The temperature dependence of the magnesium-25 NMR line
width is shown as a function of reciprocal temperature in Fig. 1 for
two solutions of ATP both containing excess magnesium ion. The
bottom curve was originally reported by Bryant® and obtained at
3.65 MHz while the top curve was obtained at 18.34 MH/Z/W_ re any
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Fig. 1. The dependence of the magnesium-25 NMR
line width on reciprocal temperature for
solutions containing an excess of magensium
ion. (@) Data obtained at 18.36 MHz for a
solution containg 0.055 M ATP and 0.747
M MgCl, at pH 7.7. The solid curve was
calculated using an ATP bound line width
of 306 Hz, an activation energy for exchange
of 15 kcal/mole, and the activation energy
for the temperature dependence of the bound
line width of 5 kcal/mole. (@) Data report-
ed in reference 3 obtained at 3.675 MHz for
solutions containing 1.9x10-* M ATP and
1.5 M MgCl, at pH 7.9. The solid curve
was calculated using an exchange activation
energy of 11 kcal/mole and an activation
energy for the bound line width of 4 kcal/
mole.
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contributions from chemical shifts on binding should be five times
larger. Since the chemical shift on binding enters the relaxation
equation as the square, the earlier analysis predicts that the top
curve should be far off scale, which is clearly not observed. In fact,
the measurements on equimolar solutions of magnesium ion and
ATP indicate that the chemical shifts of the magnesium ion on
binding to ATP are actually very small, and certainly smaller than
the bound line widths in the present experiments. The error in the
earlier analysis that led to the assumption of a considerable chem-
ical shift on magnesium ion binding to ATP appears to be in the
neglect of the temperature dependence of the ATP bound magnesium
ion line width. The sold curves shown in Fig. 1 include this contri-
bution and a reasonable fit to the data is possibl when the chemical
shift on binding is set to zero. However, we note that while inclu-
sion of this dependence provides a reasonable fit to the experimental
data, there is reason to believe that such a simple analysis is incom-
plete because of competing equilibria present in the solutions. We
therefore attach no fundamental significance to the parameters used
in the calculation of the solid curves in Fig. 1.

The improved sensitivity of high field NMR spectrometrs now
permits direct observation of the magnesium NMR spectrum of the
magnesium NMR spectrum of the magnesium-um-ATP complex. As
part of a careful approach to the characterization of the magnesium-25
NMR in adenosine nucleotide phosphate solutions, we find that the
magnesium-ATP interaction may be influenced to a significant extent,
as reported by the magnesium NMR spectrum at least, by the addi-
tion of monovalent cations. The temperature dependence of the
magnesium-25 line width is shown in Fig. 2 for magnesium-ATP
solutions. Several features are interesting: (1) Though the magne-
sium-25 line widths are large by high resolution standards, they are
readily measureable, and support the estimates of the bound line
widths obtained from application of the rapid exchange models
to data taken at excess concentrations of magnesium ion. (2) The
temperature dependence of the magnesium-25 NMR line width in
Mg: ATP complexes is complex and a rather sensitive function of
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the ionic composition of the solution. The data shown represent the
solutions made in three different ways: (A) with no sodium ion
present but with a high concentration of tetrabutylammonium chloride
as a supporting electrolyte; (B) with no sodium present, but a low
concentration of supporting electrolyte that arises just from the
adjustment of pH with tetrabutylammonium hydroxide, and (C) with
no supporting electrolyte present, the sodium concentration deter-
mined by the fact that the ATP used was the disodium salt and
the pH was adjusted with sodium hydroxide, and 3 equivalents of
magnesium ion present.

One might argue that the differences between curves A and B
of Fig. 2 are due to the changes in both the binding constants and
exchange rates that attend the significant change in the total ionic
strength in the solution. However, such an explanation is n}uc.h\less
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Fig. 2. The magnesium-25 NMR line width as a function
of reciprocal temperature for three solutions
containing 2 moles of magnesium ion per mole
of ATP. (A) Mg, ATP concentration at 0.10 M,
pH 7.18, with no sodium ion present and a 1.04 M
supporting concentration of tetraethylammonium
chloride. (B) Mg, ATP concentration at 0.10 M,
pH 7.18 with the counter ion requirements
supplied by tetraethylammonium chloride as
described in the experimental section, (C)
Magnesium ion and ATP concentrations 0.15 M
and 0.05 M, respectively, pH=7.18.
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likely for the comparison of curves A and C. An excess of magne-
sium ion should decrease the magnesium-25 line broadening observed
through the chemical exchange mixing of the relaxation parameters
for the free and bound magnesium ion environments. However,
other things being equal, this mixing should lead to a factor of
one-third decrease in the observed line widths. Inspection of Fig. 2
shows that considerably greater effects are observed. Though the
magnesium and ATP concentrations used in the present experiments
arerelatively high, the dramatic effects of excess sodium and magne-
sium jon on the magnesium NMR spectrum suggests the involvement
of these metal ions with ATP in an equilibrium that affects the
equilibrium constant or the rate constants that characterize the
magnesium-ATP interaction. Metal ion nucleotide interactions have
been reported to be important in other nucleotide solutions based on
the concentration dependence of the proton NMR shifts where the
formation of alkali metal ion mediated structures of several nucleo-
tide molecules per unit has been proposed.’” Though there is no
evidence that the present cases is even structurally similar, we take
the present data as preliminary evidence that the magnesium-ATP
solutions may be substantially more complicated than has been sup-
posed. Since the alkali metal and magnesium ion concentrations are
significant in a variety of cellular environments, further investiga-
tion is important for defining the structural and thermodynamic

basis of these effects.
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B X 4 BOF

& =

FEIEREIIT GPC AR At T I A A A i —
A (L > BRI — SR REE Y » BRI » SRR TR
REMPRELITQRET » GRS —praoh s MR E T K K o ff o
TEEHE » BUIAZUREVLTES » MEEAER b R e s T s
To

HHIAE » BT R ATE » — SR SR RS TR i
FEZIED » 7 SR LB R O A S B e M TR o

AT IS T (MAHABADI) 2 SR o M B (3 B
IR > FERTRNSTR, » SRR IR T2 B AR TR TER » Sl
JRIAITBA B o AU O HSRETT MAL R AR 2 K I aff o

E—
3

[:0) 5

DIEE PR 4RO T-0E » B A — S TRHEA S EE—
ZIGEAR (Mark-Houwink equation)

[n] = KM= (1)

H MBI A5 FE (monodisperse polymer) o i ey
REE-—WERMES KR a BWI 8% a M7 0.6~0.8 KA 0.5x10-4
~O X107 ZH ) B—REBR o BERHLREARSEF &4 THA TR K/
T TR RERRAMNAMESE [p] (intrinsic viscosity) %K EsIkat
HEtE b A SR [D]: MERTY

o1 = -Z00We = 2uty), = K Mo (2)
HR(L) ) QTRRTIATE T, 5
¥, = ()™= (Zuws My e | (3)

EEAR BB TR R ARNETR S TR » BRI 65HE TR B — i
KR o 0 DIBAE: 1S BB IERE M ERBRAS R o
AXEIAMHHERSR H. Kh. MAHABADI Fift 2k OTimblEsksy »
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TEE#EEAS FEAHIRARAREIE (0] SoRETHH TR M, » A
LIERER B AR B —BICEH BKR a o

] -
BhEH—2I T T
J=mmi§mw (4)

b [n] BERARMOAERE

MERAHENHTE

V1 GPC i seotemt

DR &R R
HIR(BIFIRA A HFTE :

lﬁp = (Sw; J;tetie)@+Die/[q] .
ERBEE—EICEAR (9] = KM,
BARIGRE M, T

K = ([g]/ Zw;J;¢/ (e+))e+l o
® InK=(a+l)Inp] = (@+1)In X w; J#/ @D oy
BUERIT) » BATTASAY (unknown) MyAEREEF GPC R EHEN
BURIOE o SEHIE 1 BRI o

log K

0.5 0.6 0.7 0.3 0.9 1.0

1. log K¥fefEF PS-1: 50K, PS-2: 100K, PS-3: 233K, P5-4: 600K
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TR In K fl a 2GR
InK =C— Ba (8)
FPEBRME " AR TER KA « A0E o B 1 748 ey B
FIRGESTEAR » T ERL - BEBE L o MRBE—HHENTE » U7 H
a s RA{5 IR —B

_dinK _ wiwen_ 1 TwJelt@en]n I,
~B="% ==yl In T w; ],/ (40— . wzgw Lﬂﬂﬂiﬂl)] (9)
N GIEARMY [9] 7I1F :
B=InM,—-U (10)
=1 e @+ 1 Zw; J;#@+D n J;
e U—?lnzwi JiEtte el — at+1l  Yw; Jelern J (11)

It FTRRRESLE 1 B M, U (RAROS TR MRL ) MORK o R1M
K2BREAWETRE a by FiREOUME o TLERMUY a 58 O
o YT U BYBEEIARK 5 dU/da >~ 0.

#L aft0.5~10 2UME (UR « BHEED)

-4 M, =50,000 M, =100,000 M,=233,000 M,=600,000
Mp/Mp=1.04 | Mp/M,=1.05 | My/M,=1.06 | Mp/M,=1.10
0.50 —0.0510 —0.0780 —0.0300 —0.0430
0.55 —0.0521 —0.0783 —0.0310 —0.0432
0.60 —0.0513 —0.0785 —0.0309 —0.0431
0.65 —0.0523 —0.0784 —0.0312 —0.0429
0.70 —0.0526 —0.0793 —0.0316 —0.0431
0.75 —0.0527 —0.0797 —0.0314 —0.4280
0.80 —0.0529 —0.0804 —0.0320 —0.0440
0.85 —0.0531 —0.0806 —0.0318 —0.0443
0.90 —0.0527 —0.0810 —0.0319 —0.0450
0.95 —0.0531 —0.0809 —0.0321 —0.0447
1.00 —0.0532 —0.0810 —0.0320 —0.0450
2. PS #) Ug=os T Us=1.

Polymer M My/M, Ua=0.5 Ua=1.0
PS-1 50,000 1.04 — 0.051 — 0.053
PS-2 100,000 1.05 — 0.078 — 0.081
PS-3 233,000 1.06 — 0.030 — 0.032
PS-4 600,000 1.10 — 0.043 — 0.045
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R AR e s TR BEZNE

#2-1. TR a Ky K |

& M,=50,000 M, =100,000 M,=233,000 M, =600,000
Mu/M,=1.04 | M,/ M,=1.05 | M,/ M;=1.06 | Mu/M,=1.10
0.50 2.7366 E-02 3.8464E-02 5.6341E-02 8.9828 E-02
0.55 7.8075E-03 1.0095E-02 1.3467E-02 1.9151E-02
0.60 2.2275E-03 2.6496 E-03 3.2188E-03 4.0830E-03
0.65 6.3550E-04 6.9543E-04 7.6937E-04 8.7048E-04
0.70 1.8131E-04 1.8252E-04 1.8380E-04 1.8558E-04
0.75 5.1728E-05 4,7906 E-05 4.3955E-05 3.9566 E ~05
0.80 1.4758 E-05 1.2573E-05 1.0506 E-05 8.4354E-06
0.85 4.2105E-06 3.3000E-06 2.5112E-06 1.7984 E-06
0.90 1.2012E-06 8.6614 E-07 6.0022 E-07 3.8342E-07
0.95 3.4272E-07 2.2733E-07 1.4347TE-07 8§.1744E-08
1.00 9.7778 E-08 5.9665E -08 3.4291E-08 1.7428E-08
#2-2. TFH a Fiy log K &
2 M, =50,000 M, =100,000 M,=233,000 M, =600,000
My/Mp=1.04 | My/M,;=1.05 | Mp/M,=1.06 | My/M,=1.10
0.50 —1.56279 —1.41495 —1.24917 —1.04659
0.55 —2.10749 —1.99588 —1.87074 —1.71781
0.60 —2.65219 —2.57682 —2.49230 —2.38902
0.65 —3.19688 —3.15775 —3.11387 —3.06024
0.70 —3.74158 —3.73868 —3.73543 —3.73146
0.75 —4.28628 —4.,31961 —4.35700 —4.40268
0.80 —4.83097 —4.90055 —4.97856 —5.07389
0.85 —5.37567 —5.48148 —5.60012 —5.47511
0.90 —5.92037 —6.06241 —6.22169 —6.41633
0.95 —6.46506 —6.64335 —6.84325 —7.08755
1.00 —17.00976 —7.22428 —7.46482 —7.75876
Sl AES I
M, = exp [B(1 + 0/B)] (12)
Heh U BUMPHE :
—
U= T(Um=o-5 G Ua=1-o) (13)

A7) » WFIEN TR LT HFEE S TR M, o
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s

B o= 8 & B

8 2 : Dupont PS standards (478 4K, 9K, 50K, 100K, 233K, 390K,
600K, 1,800K) LI THF & GPC ##IEEK o
e
1. B# Shimadzu Liquid Chromatography LC-3A ¥
Spectrophotometric Detector SPD-1
2. {5455 : Hamilton Syringe 50 gl
3. 8 fireEME : CPU 6502, 192K RAM
165538 120 TR b/ BB R RS
Appligration II fJF 5T F0RE EEEHAKIE
4, 167N : CPU 8088, 640K RAM
Lotus 1-2-3 4G » fEREFEEL
HER:

Ll THF #FEnk > PS fm¥Epm (M=4K, 9K, 50K, 100K, 233K, 390K,
600K, 1,800K) #TA GPC £ » 324 ek BB MG 5538 A/D MikRE
PR FSRERGELR » AEH Appligration 11 BRESEEFEIEAZRE » BAME ik
AXERIFEE (BASIC) BRFHASR o REBLL Lotus 1-2-3 38 1 TR
RIVRGZ o FRIZEEA LIRS 2 PS %M M, =4K, 9K, 3.9%10°, 1.8% 10°
#TA GPC d e

R B

MU A TR T Fdst K, @ 27008 » #ER 03 3 » B LUE
HWRE SSRGS ETHEE » Bl 4 fik 5 TR AEERK a2

3. BEMBETHSTRE M2 (FHE)

Sample | My /M, M,2 M,l M M,2 (22) | Myl (22)
PS 1.09 3,650 3,647 4,000 —8.7522 —8.8322
PS 1.06 9,366 9,359 9,000 4.0722 3.9922
PS 1.04 51,120 51,090 50,000 2.2422 2.182
PS 1.05 102,658 102,578 100,000 2.6625 2.58%
PS 1.06 242,870 242,740 233,000 4.242 | 4.1825
PS 1.10 393,978 392,824 390,000 1.0222 0.7222
PS 1:11 647,160 646,650 600,000 7.8622 7.782
PS 1.10 1,838,416 | 1,837,335 | 1,800,000 2.1322 2.072% |

M,l J§ K=0.000162, @=0.706 FIAHT-ak
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#4. AFE PS Z In (M,2) Fl In (Visc.)

Sample M,2 Viscosity In (M,2) In (Visc.)
PS 3,650 0.0566 8.2025 —2.8723
PS 9,366 0.1003 9.1448 - —2.2998
PS 51,120 0.3365 10.8419 —1.0892
PS 102,658 0.5489 11.5392 —0.5998
PS 242,870 0.9974 12.4003 —0.0026
PS 393,978 1.4349 12.8841 0.3611
PS 647,160 1.9449 13.3803 0.6652
PS 1,838,416 4.2241 14.4244 ] 1.4408

5 BRE—&EE

Sample Solvent K @ Remark

PS THF 0.000162 0.7060
0.000179 0.6963
0.000164 0.7040

1. 23l

2. In[p] ¥} In [M,2] FISLRHEEFIEEE

3. A > B 1 TR 2 Kl e

MR AR o 7EXBE » FFERGHMNMZ KR ol » BRAFARZ
REMEEEIN » R A FTHcs 5T EMER SR Kl adff o

DA%k 6 U PR ik £ o
* 6.
ES & TS
Standards " % % {E®
K e T H B Z & H#
My += 8% + 82
[0] BEEBXRHE EE S
iy J @k

ik MAHABADINW® Fif J 2Rk LWl » A sCUIE FIRAR{E M S
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B TIIRA IR Q AREHFIRRY: » [AHATA =M@ standards F W3 o Hik
W

R T RER

J=[]M=Dy+ D, V+D: V24 ... (14)
I mEABUE

In[J1=1n[Dy] + In[Dy]+ In[V]+In[D:]4+21In[V] (15)

Hl In[JI=A+MIn[V] B—EH » BRBRNPSE (L.S) TTHEE AM
Pl AR aEE J =exp[A+ MIn[V] ZHE » TSBHFEES L. S.
2 GEESENEL ) RS AERERR S  BERSETIRL
HEFESHFIM standards R J Bl > ABIR MAHABADI Fifez: »
Z4F standard BEPRIEEH T BB 0

{ii) BBEYKE

HERA (ORISR0 » HMEL a = 05~1 REHEEEZ In K mE 2w B
& L.S. sRIHPIRENT] o
Giip U B9Ki%

R SBAUSTEE—EE » TR a PR > MAMSTRERNH
mE 1%k 2 > BETA «=0.5 T a=10 RAKRH Us-os fl U107 &K
BHRTH U XY o

vy K a ik

FEgE—
HaER(1) ) [np]=K M,¢ » Bt 5 A%
In[pl=mK+ aln[M,] (16?
RELL In[p] ¥ In[M,] fEE > TR KR a o
e 2 fnk4d o
ik

U In K ¥ o {58 » W 1 » BZPAFRSTEATHEOESR In K=C—Ba
» FTMEA R EMR . ZHEN TR E KM a o

%5 » HRTHE—HEIMARE » BREAED IR 2GR BRETR%E
ffi o
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5

t 1 T T T T
8.2 9.15 10.84 11.54 12.4 12,88 13.88 14.42

In Mv2
2. 1n[p] ¥ In Mv2 {Ef
PiE810.6963  FREE : —8.6279

& B

PHEERESER R — BRI ARMRAREIE 4 TE » MBEXRE » Kig
a {EHZ ER— KB o ANFRZ L » METEEHEH KR a » KWL
B B AR T B 25 SR K e o 8 A5 BT O35 S ok o TR JR ) o

B

HERBFIEH S T MU T T R BRI IR R o SRR B R
TCrp AR IIARED 0 DR BET R M B E R RN GPC #H » BRRds
2o

B2EXR
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Comparison of Two Popular Universal Calibration
Methods for Polydispersity Determination
by Gel Permeation Chromatography

TaIN-Dow CHEN and Snow-CoHUEN CHEN

Department of Chemistry

ABSTRACT

Although the determination of polymeric molecular weights and
polydispersity by GPC is by no means a formidable task, it does
demand some minimum number of parameters to be known, for
example, it requires polymer standards and Q factor or, K and «
values if Mark-Houwink relationship to be implemented. Unfortuna-
tely, the former, the Q-facter method, falls short of accuracy and
the latter, Mark-Houwink relationship, is handicapped because the
literature lacks sufficient data for calculation.

More importantly, the chemist interested in Group Transfer
Polymerization, a new process capable of producing narrow-range-
molecular-weight polymers, needs to know the accuracy and the
ability to differentiate the polydispersities of the method for deter-
mination that he employes. The present method, modified for
simplicity by substituting the least suare for the control theory
from Mahabadi’s model, was implemented with polystyrenee stand-
ards on an on-line 8-bit Apple II Microcomputer and was compared
to the conventional method. It offers the advantages of accuracy
and self-sufficiency without the use of documented K and a values.
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MBBETEETEZARE
 # R
B FEL hER

] 3

LIRRESACH 2 PR TSR R RS ET LR AR o (TULAER T
HEFZAAET » EREEEI a2 403 o RS » NRRER R EE D
Gt EE IR s e e T W S e S S UNER I

Sl RRRRTRRE AT LI 1M BE A T R TIBE E 5 NARBRE 0

I 3l E
AFEEREET FLER T IR R EE & I » W R —fR s B D o H—i
HIFRREER *
Ecot1 = Eina — Erer + Ej
Hrh : Eing 55 indicator electrode potential
Err 55 reference electrode potential
E; i3 junction potential
B Erer —iRME » BE—EE > T E; LT LIZN » BEEENR (Nernst)
AR AMTTERE
Econ = Eeount + “Si-In as

a; BT 25
ZE—RERT » Ej=0 Bl Econs: = Eror » #n8REEHEE G » RIWTE S LT AY R
FH®
Ecen = Ej + Ex — Ever
Hep: Ey B Membrane Potential » &
Ex.=E;,+ E:
He: E; £ Diffusion Potential
E: 75 Boundary Potential

I B &

—~ HEREY
e (FrE 3R )
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F4LeT (Merck)

BiERgA (Merck)

PR (Merck)

Biifkst (Merck)

FHERSR (Merck)

geieESErEs (Cellulose Acetate: FIJEHEEE TR EIL )

i (Merck)

PVC &

R

BRI EELER )

TWARER AR (THTE AB J2)

HEzE (Cyanoacrylate Adhesive)

BEET/K (17 M2)

=~ EEE

PH Meter: JENCO 6209
ORION DIGITAL 701
FISHER Accumet Model 220

SRR TR BGE

=P8

LEERSMEL SR B

A. TifbEER (B C~D)

@y pEER A GREERR T EARRE IR b /et o Bl o EIEEER » TR
A ERE  BIERTDTEARAIRS SR L o ElREREES o
@IMAIR AR - FipdE ) ERERES  BOBE—K

@F I » DIEAR R » BA 1M MREEERE R » BE K °

@z ke (T AIEEE ) EEEA IM MERSRESRh A 4 /N ©

@B E » [BEEE » LR HOREE R i R 5 706 o

@®mkEEA PVC %) N Eiizad (K6 ) o

@Y AT AL EEA PVC &rh » B » MBS o

@E AR » DEEE o » DREEEEEE » BRERERBENN &
BRRUnEEm s DREETE -

@FHE 1071 ~10-™™ (BPREREMIETERI » WA A E(E » FRiCIEs
it 0

QiR > 2R > Lk v 8 CHEIFRK)

B. WifbsRERR : (M A~B)

@5 1M (EEERSRT e £ 1M WFATRSENIE » A 2 O~@Ak



(e

@BE— i Ef R EE A Z IR » JIRTEME » FI0RERHE—R

s SEH30 76 » DL AN THIFER » sk B ¥ (Response Curve) o
C. #iftRBRENENBRMEY : (BRE~F)

O S d AGERPTSERR OV TERR » BEARIHERLRRNE 5 220 PR EI7K IS 4~5
G388 o

QAR EREE RSP » FEN IR0 76 o

@R R AR A TR o BRRKT 1/ o

@EIeG DR » DRI AR R R PR » B C 2O~
@Bk o

P S

I HREFS

BESEARCRE

TERMiE R AR » BT M9 A 1M MR e » KFRREZ » 72
TR IR ANYA T % » 7ERE LR s iy i AEE s » ke
TRELIZK TG » SO TSRS A AETE o TRIREETE B SE » OO 1M A9¥emes » 3
& ko YR B R 2 IS AR R A RS TE e b » JRTE IR
B o
#IEf#E (Calibration Curve) BYFEFEM

TS TERR » BMEE » EpE RS %M E—F0F » JLERFE (Resp-
onse) M AATHOERGTARBE » ENHERMEEER I A v ETEE » {9
0.85 » HhFY » InFEBAF_ E—JF » —RRTIS » FILMG B AEER » AT » B
i B L L0 > RpieaEERE S in o (B2 » BRSNS E A R 1 2 TE
HBIR o Hrb oy "By » ERPITRRIER » EEEERARA Z @~
L—EnieeR (EEkiER ) o BB E MR L E s 357
s MEMERR DL SR B MIR A HRREE o /

HEAET

/

ﬁﬁ‘ﬂﬁ \5:-6 / y
Y f
/ \1 /
EmV A\ j
EmV / \-\ /
\ N
! LY

log [M*] log [M*]
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BEZRE

TR RREARE—BETERch (PN RTREERER o MEEET
X¥Hh ) B— LR BURERS BRIBUE A2 RIBUREMRE A _ERE
— AN 1 9 » b TRRBTSHE T IR IR EE o ENFS SR B
(@) » TR ZFEIHTE » RLLEIE IR ERTIERMBER » i En, (B EH
FeBURBMIBIARL o nf 2 TR o T G PO AT LA 7K — B R AR IR ©

B EEAE A L RE

HRAREREEABER » TR C ~ D » IREHEE » {ERINBRNKPE
—E2 1 > BREMRENTAS - TiAE B ATENS SHCIE#RR » NRAEEIREX » B
BRI » BREE] T —BRE] o BRI EERE A ATRIERR » FOEBTIRA
TIREEMZE » EEAR10065 (ED API<2) o T B7EE Rk e TE sy » 58
TREIEM R ORI EE R v SRS KRB E - Bt » EEE—RAWAIREE
W » RIERESEER » Sefl— R R » sRIL—ipie R » BEER A EE L
» A BEHERRA » SREAHIMIREE » TR FE IR IR104% » WI=BATE AL -
RS HER  FERAYNERL » RASZE GRS » RApHHE
FERREEENTTRNE o Blhn » RAMIREER 3.67 X 107°M » FRBEFERST A IEBRAR1E
) SRR 0 TR ICAKHREER 107°M » AIEEHR 107°M, 10—°M,
107M =BEayiEfr o SRINEE ISR » R BRERAY—X » KR
ZRAERAS IR ZHEAF » BRI R AR EE

kAR 0 HIREERET  TIHAERYE L ONME » TGS E R b E R
i b — B PREEBETT T LUSRTR: » T ORRIENE M9 A BN SR R iR L7 By
BT B2 B I TR GRE 2R o A0 BT ARAE R R Ve R IRELE D Z 418t »
HORAGE » P EERE R CTIRIE R, » (HRTGEHEER AR » il 3 T4
» HAPREE 2% 2 Bt 2 WRHRE > BHES

REEmE L RSN U

HZ BRI ERAEER T » LTSI RARENEZS » fif
Emv ERF SEBROENERARL » ArREES#LREL » EESRAE
ZHER —3BmV o FRENPEF —67TmV o M HRMEEE AfEd » E° (|
(FREE ) RNRE » R ME LI 100mV I E » M —EEEane
ek 7 KRB > FURREENTERIE R » MEESMEMEE T RELTE » &
ZG M E TR I B AP B EURT U © HAnBzi R » AIHFG T LMRFEERREA
P LEL EARTEEOR » BRPEROIRE o MR M EE AR R
WAy o AR AR REER FRIRREIRIRAE » W LIRFIAAR SR » BA
E° i (#REE ) 00RRTEIhA HEE -
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B 4. MERED » REPLAEHT 1% 10-1~1x 10~ » 448 —35.2 » E° {ff —12.5

,:? = _Jog CCu"*]

Hok » 7EREAR R » B0~ 15468 » FfE—RIAR » HAREaBE T
VR A A B AR 0 i 5 B8 6 o LI L RyFRERR T £ IR 0
B—IRRM L 107°M BRERSRE RO B » /R RBIaYRIEE » W
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B 5. MEERE » BPETE6E 1 x 10-4~1x 10-9 » 4z —20.5 2 E° {if —245.5

mV
-240 y /—\\

X . N
260l ( py
s /X
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1 . T . > Jog (Cu™t)

B 6. TERIE » RPERERE 1% 10-1~1x10-% > F2 —24.2 > E° {ff —226.8

TERE > PrfF AR 7 ~ B8 ~ 1B 9 K10 o HARETEIS R » TiRER
AREERIE o (HIRIER BT 305 G ARE R BT AZCR » T in B R A —
ANRELL b o BN BT AT R B SEAR R A0 1 R 2 0 F o Bk
FHILAB0 0 68 2 — /NPy 2 [HT RS 2 o
E° {ER78ME

HIBRBRAS M TR E° (A2 AFEmnEs » M —%k BEE 23
AEAHIE » EME KCleagy 3B » HHEFUMN KCleay » TR » B
FIERREEA R A o I
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-180} RN
—200L \ e
s
-220} _
S A ikt -log CCu’*)
B 7. MEE » SE0E 1x10-1~1%10-% 5 358 —21.8 9 E° {if —79.0
mV
-~ 80 F
X 3
=11 T T Lol
N
~120} Mk /]
(
-140} %o
b -
~160 | ™
\\
N
-180L S
Ko, won 3
~200 F
T e L
B 8. THEAE » RPN 1% 10-1~1x10-% 9 3448 —20.9 » E° i —63.7

BT

FEERMGEE A » HAPTER R EHEN

JETREE

MR » — B BT

BRSC2IRSER T 0 B MRS 0 EREWHCR A 0.01 260 BN

(Ng Ny) » {EAELSE

(R o ER TR ¢ i » AR 2 SRAET a3

HSBR RS T » 38 W LY e B e R G AR R R B R AR S TS 2R A
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The Improvements of Copper Ion and
Silver Ion Selective Electrodes

Jong-Ru Rau, Rong-JonG L1t
and Snow-CHUEN CHEN

Department of Chemistry

ABSTRACT

Carbon-based Solid-state Ion Selective Electrodes grant simplic-
ity and sensitivity, however, they are prone to irreversible damages
by some interferent metal ions and also tend to deteriorate if not
stored properly, as evidenced by poor linear range, slow responses
and decrease in slope.

Considerable improvements such as the use of IM solutions
instead of saturated solutions for soaking and the surface treatment
of the electrodes were made to solve the foregoing problems and to
extend the life of the electrodes.
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THE FINE STRUCTURE OF THE GILL FILAMENT
IN GOMPHINA VENERIFORMIS LAMARK

WeN-HuEer T'sur

Department of Biology

ABSTRACT

Transmission and scanning electron microscopies were used to
study the fine structure of the gills of Gomphina veneriformis L.

The main part of the gill filament is covered with various groups
of ciliated and non-ciliated cells, There are great differences in
size, shape, composition and function. Five different groups of cilia
and cirri were found on the various regions of the gill filaments.

1. The frontal cilia are the long, nonbranched cilia on the
frontal surface of the gill filaments.

2. The pro-latero-frontal cilia are usually short with an expanded
disc-shaped end and form a row of cilia along each side of the
frontal cilia.

3. The sensory ciliary tufts are longer cilia which are inter-
spersed at irregular intervals among the pro-latero-frontal cilia.

4. The eu-latero-frontal cirri are large and complex. Each cirri
is composed of pairs of cilia arranged in two parallel, alternating
rows. Individual cilia leave the shaft of the cirrus at regular inter-
vals on each side.

5. The lateral cilia are an ordinary type of cilia which are
present on each side of the filaments.

INTRODUCTION

The Bivalvia, Gomphina veneriformis Lamark, has a very solid,
compressed trigonal shell. They are distributed from central Japan
south on the fine sandy bottoms in shallow water. They are impor-
tant as a food-scurce in Taiwan, and are even artifically raised on
a large scale on the western sea-board of Taiwan. They are filter-
feeders with extreme development of the gills. Food is taken with
the aid of the two ciliated gills, which are also respiratory organs.
Few papers have been published on the external and internal mor-
phology of the gills of G. veneriformis L.

The optical observation of the gill structure and of the movement
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of cilia of various marine mussels has been illustrated by Atkins
(1936, 1937, 1938). Transmission electron microscopic studies of the
gill of Anodonta cataracta, Mytilus edulis and Basnea cadida have
been made by Gibbons (1961) and by Owens (1974). They described
the fine structure of different portions of the cilium, the basal body,
and the fibers associated with the basal bodies both in general and
in detail. Moore (1971) and Owen (1974) examined the lateral frontal
cirri and eu-latero-frontal cirri of Mytilus edulis, Basnea cadida and
Petricola pholadiformis under scanning electron microscope. They
emphasized the arrangement of the cilia which constituted the latero-
frontal cirri and eu-latero-frontal cirri. Both Moore (1971) and Owen
(1974) considered the small mesh sizes formed by the cilia of cirri
to be correlated with the high retention of small particles in these
filter feeders.

Recently, Lo and Hiiber (1977 a & b) have described the gill of
the lamellibranch molluscs, Corbicitla fluminea Miiller, as processing
a highly specialized ciliary apparatus that consists of several dis-
tinct types of ciliated cell arranged in a regular manner. These
ciliated apparatus on the gill filaments are involved in the movement
of water, retention, sorting and transport of solid materials.

In the present study, both optical microscopy, scanning electron
microscopy and transmission electron microscopy techniques were

used to study the morphology of gills of G. veneriformis L. with
the aim of investigating the structure and distribution of cilia and
cirri on the gills, to understand the types of cilia on the gill filament
of G. veneriformis as a basis for further work and histopathological

study.
MATERIALS AND METHODS

Living specimens of the marine bivalve, Gomphina veneriformis,
were obtained locally. The specimens were isolated and then treated
with the following methods according to the apparatus used for

observation.
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For light microscopy, the whole specimens were fixed in
Zenker’s fixative, and processed for paraffin embedding. Dimensions
were determined after fixation. Histological sections of 4z were
stained with Mayer-haematoxylin and Eosin-Y. Observations were
made with a bright field compound microscope.

For scanning electron microscopy, the gill was isolated from
specimens from which one valve had been removed, and were placed
in a small dish which was tilted so that a minimum volume of sea
water was required to cover the surface of the uppermost gill.
After being fixed for 20 min. ina formaldehyde-glutaraldehyde fixa-
tive, the gills were sufficiently hardened to be cut into suitably
sized pieces and transferred to small stoppered wvials for 3 hrs.

Tissues were post-fixed in 19 osmic acid for 2 hrs., and then washed
and dehydrated in a graded ethanol series (35-1002%) before being
dried in a CO: critical point apparatus. The deried specimens were
coated with carbon and gold in that sequence. Micrographs were
taken with the JSM-15 at 15 KV.

For transmission electron electron microscopy, the gills were
also double-fixed with formaldehyde-glutaraldehyde and 12 osmic
acid as in the procedure outlined above. After dehydration with the
graded ethanol series, the specimens were embedded in Spurr Epon.
Ultra-thin sections were made by glass knife and then double-stained
with uranyl acetate and lead citrate. Observations and photographs
were made with JEM 100S at 80 KV.

Fu Jen Studies

OBSERVATIONS AND DISCUSSION

The bivalve, Gomphina veneriformis has a very solid, compressed
and trigonal shell. The beak is situated at the middle of the dorsal
margin. The surface is rather smooth and polished, and varies from
white to blue in color, usually with 3 radial rays. The hinge plate
has 3 solid cardinal teeth without laterals. The ventral margin is
smooth. As in Tapes japonica, the orginal bluish tone of fresh shell
is lost, turning into brown, when they are boiled to remove their
soft body. The classification is as follows:



) )

60 Gomphina Veneriformis Lamark
Phylum Mollusca
Class Pelecypoda
Order Heteroconchia
Family Veneridae
Genus Gomphina

(I) General morphology of the gill

The gills of G. veneriformis are paired, each consists of two
plate-like demibranchs hanging in the mantle cavity at either side
of the food. Their filaments are bent back upon themselves like a
“V”, so that each of the demibranchs is double and composed of two
flat lamellae. FEach gill separately now forms a “W” in section.
Each “V” of the “W” forms a demibranch; there are thus an inner
and an outer demibranch, each two lamellae thick, in either gill
Two demibranches occur, the outer is smaller than the inner on
each side of the foot.

Figure 1 is a scanning electron micrograph of the external sur-
face of the outer gill. The surface of the gill is marked with dorso-
ventral folds plicae. On the surface of each plicae, there are many
longitudinally parallel folds known as the the gill filaments (Figs.
1,2 & 9). The adjacent filaments are united by vascular cross con-
nections, leaving narrow openings between them (Figs. 2 &3). The
two lamellae of each demibranch become attached back to back in
the same way.

The gill filaments are of two sorts: the smaller ordinary fila-
ments and the larger principal filaments. About 12 to 26 ordinary
filaments constitute each plicae fold, and the principal filament
usually lies at the bottom of the crest groove (Fig.2). Between
the principal filaments of two lamellae, interlamellar junctions are
present. The interlamellar junctions may be complete or incomplete
(Fig. 2).

The ordinary filaments are uniform in size and lined with a
continuous simple epithelium. As shown in Fig. 3, regional differen-
tiation of the ordinary filament is readily evident. The front end of
the filament is covered with simple columnar frontal cells (four cells)
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with their frontal cilia. The cell is large and rich in acidophilic
cytoplasm. The large ellipsoid nucleus runs parallel to the cell axis.
The area adjacent to the frontal cell is lined with a simple ciliated
columnar epithelium (eu-latero-frontal cell). The nucleus is large
and oval. The cilia form triangular plates, probably from the fusion
of several separated cilia. A row of lateral cells bears the lateral
cilia just behind the lateral frontal edge. These pass the water
current between the filaments, through the ostia, into the inter-
lamellar space which leads above into the suprabranchial chamber,
carrying water backwords towards the exhalant siphon. Its cyto-
plasm, like that of the eu-latero-frontal region, stains paler than
that of the frontal region. The space between the lateral and
eu-latero-frontal is demacrated with simple epithelium, devoid of
cilia, the pro-lateral cell.

The adjacent filaments are united by vascular cross connections,
leaving narrow openings between them. Water flows down through
these openings into the interlamellar space. These pores called
ostia, are not readily discernible in the scanning electron micrograph
because their orifices are often covered with cilia. and cirri (Fig.
3). Along the inner surface of the filamental epithelium, there are
two cords of supporting structures. These supporting structures
stain pale blue with H-E stain. The reaction indicates that the
supporting structure may be chintinous (Figs. 3, 6 & 7). The special-
ization of the cell surface of the gill filament will be fully explored
in the next section.

(II}) The fine structure of the gill filament

The main part of the gill filament is covered with various
cuboidal or columnar ciliated cells and secretory cells. There are
great differences in size, shape, distribution and the surface modifi-
cation. Figures 4 and 5 are diagrammatic representations of the
cross sections of the gill filaments which may or may not have the
sensory ciliary tufts. The filamental epithelium of both surfaces of
the inner gill is similar to that of the external surface of the outer
gill. There are 5 specialized surface modifications identified in these
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regions. Most of the modifications are named according to their
locations. The surface area of the distal end of the gill filament is
divided into five regions: lateral, pro-lateral, eu-latero-frontal, pro-
latero-frontal, and frontal. As shown in Fig. 7, six to seven ordi-
nary cell types are found. They will be described in the following
paragraph.

1. The frontal cell

There are four rows of simple ciliated columnar cells, 5.34%15.1x
in size, at the center of the frontal surface of the gill filaments
(Figs. 6 & 7). Each frontal cell contains an ellipsoid nucleus, located
at the base of the cell. The heterochromatin is concentrated to a
thin rim near the nuclear envelope. Cytoplasm is very sparse,
which is acidophilic with a limited number of spherical mitochondria.
The part above the nucleus is occupied by numerous spherical, oval
vesicles of variable size, clear or containing an electron-dense core.
These structures may be part of a process such as phagocytosis
(Fig. 8).

Numerous long, slender cilia extend from the apical surface of
the frontal cells. Their distal ends intermingl with each other in
an intricate mesh tilting ventrally (Figs. 10, 11, 12 & 13). Each cilia
contains the typical 9+2 pattern of longitudinally arranged micro-
tubules, originating from a basal body (Figs. 8 & 15). Frontal cilia
are easily detached from the cell surface in treatment, revealing
the underlying frontal cells. In the LM study, slime of mucus
always appears to cover the entire frontal surface of each gill fila-
ment. But under scanning electron microscopic observation, few
food particles are retained in this area. This would suggest that
the frontal cilia play a role in propelling water current along the
frontal surface. The slimy mucus could possibly provide a lubricat-
ing substratum for food transportation.

2. pro-latero-frontal cell

These cells are simple small, narrow elongated cells, arranged in
a row along both slides of the frontal cells. The nucleus is elongated
at the base of the cell, with a thin marginal zone of dense hetero-
chromatin and several nucleoli. The acidophilic cytoplasm is filled
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with a varied number of vesicles, lysosomes and residual bodies.
Most of the vesicles are smooth but some are typically coated. A
limited number of Golgi apparatus is located in the vicinity of the
nucleus, with some parallel saccules and vacuoles. Small membrane-
bounded granules may be present near the Golgi zone. The mito-
chondria are round but scarce.

The pro-latero-frontal cilia are arranged on each side of the
frontal cilia. (Fig. 12) They are shorter and always obscured by
the frontal cilia and eu-latero-frontal cirri. As shown in Figs. 13 &
19, cilia are laid open to view in some area but partially sheltered
in others. The cilia are characterized by its expanded distal tip
into a disc-shaped (Fig. 14). This structures probably act as a sec-
ond sieve, preventing the escape of small particles between the
bases of the eu-latero-frontal cirri.

3. Sensory ciliary cell

These cells with dense tufts of cilia are occasionally interspers-
ed at intervals along the rows of pro-latero-frontal cells (Fig. 9).
These cilia are considerably larger and they project above the
frontal and eu-latero-frontal cirri (Figs. 10 & 16). Such tufts were
noted by Atkins (1937), who concluded that they were probably
sensory in function. It is perhaps significant that at least in G.
veneriformis. They are irregularly distributed on each lamella of
the demibranch (Fig. 1).

4. eu-latero-frontal cell

There is a row of larger columnar cells just on each side of the
pro-latero-frontal cells of the gill filament (Fig.6). The ellispoid
nucleus at the basal part is also larger than that of the frontal cell.
Chromatin are loosely distributed; large and coarse granular nucleoli
are characteristic of it (Fig. 7). The cells contain a relatively large
number of oval mitochondria, most of which are clustered in the
apical part (Fig. 7). The cytoplasm is acidophilic. There is a
large Golgi zone, some profiles of granular endoplasmic reticulum,
ribosome and lysosomes both primary and secondary. Occasional
tonofilaments occur. Each cilium contains longitudinally arranged
microtubules: two single in the center and nine double in the
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periphery. The latter emanate from nine triple microtubules in the
basal bodies just below the cell surface. The basal bodies posses
longer ciliary rootlets and often lateral spurs. A network of cyto-
plasmic filaments interconnect the ciliary rootlets (Fig. 6). This
may account for the synchronization of ciliary beat within the
restricted area.

The eu-latero-frontal cirri is borne by a single cell and consists
of two parallel but alternating rows of cilia (Figs. 19 & 20). Each
cilium is divided into two parts, a free marginal part and a fixed
basal part (Figs. 17 & 18). The individual cilium comprising each
cirrus diverge from the main axis of the cirrus at intervals to form
side “branches”. The divergence is first shown by the two cilia
nearest the frontal surface of the filament, the shortest cilia com-
prising the cirrus, while the distal end of the cirrus is formed by
the divergence of the two cilia farthest from the frontal surface,
that is the longest cilia. The basal part of each cilium adheres side
by side in a triangular basal sheet resting on the edge of the frontal
surface. The basal sheet of the eu-latero-frontal cirrus is flexible.

Each cirrus forms a flexible comb, the free region of each cilium
bends to one or the other side of the main axis of the cirrus (Fig.
18). This bending occcurs at regular intervals along the length of
the cirrus which ends with a bifuraction formed by the separation
of the longest pair of cilia. The overal effect is to produce a mesh-
work right across the water space, straining off particles for reten-
tion on the frontal surface of the gill. This prevents the unimpeded
passage of particles from the gill filaments to the supra-branchial
chamber and contributes to the high efficiency of the method of
feeding, preventing the escape ana wastage of perhaps desirable
food particles.

5. pro-lateral cell

Between the lateral cells and the eu-latero-frontal cells is a row
of non-ciliated pro-lateral cells. The cell is low columnar, averaging
7.6 # % 10.2 #. It has a round nucleus in the central area. The cyto-
plasm is abundant and contains a moderate amount of free ribosomes
and granular endoplasmic reticulum. The Golgi zone is prominent
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with numerous vesicles of both the smooth and the coated variety,
Mitochondria are oval but few in number. From the cell surface
are projected a large number of short, differently shaped microvilli
(Figs. 6 & 7). The microvilli serve the purpose of increasing the
absorptive area, but in the scanning electron microscopic study they
are obscured by other elongated surface specializations. The surface
membrane has dense pinocytotic invagination, most are smooth, but
some are typical coated. The cells are filled with a varied number
of vesicles, vacuoles, lysosome and residual bodies. These struc-
tures are part of a process referred to phagocytosis.

6. lateral cell

Baside the pro-lateral cell, there are 3 rows of cells bearing the
long lateral cilia. Those nearest to the pro-lateral cell are wider
and shorter with a round nucleus at the central part; the other two
row cells are especially long and narrow with a slender elongated
nucleus at the basal part (Figs. 6 & 7). The cytoplasm is pale
staining with acidophilic nature, and filled with numerous spherical
mitochondria with diameter averaging 0.9 #. The mitochondria are
closely packed with membraneous cristae. This gives the lateral
cell a high rate of oxidative metabolism. There are only a few
dense matrices in the mitochondria.

The lateral cilia are very long; below the cell surface, the basal
bodies possess short ciliary rootlets and often lateral spurs. The
cilia are rarely observed in scanning electron microscope because
they hide in the groove-formed by the adjacent gill filaments (Figs.
19 & 20). The long lateral cilia within the grooves may serve to
drive water between gill filaments and maintain currents of water
flowing toward the gill surface.

The 5 different functions of the groups of cilia bent anteriorly
and posteriorly along the margin of the gill transport ejther collect-
ed food to the labial palps (in oral grooves) or rejected particles
backwards. Such currents run in grooves along the demibranch
margin or dorsally at the inner or outer base of the gills. Particles
are brought to them by the frontal cilia beating up or down the
filaments.
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The filtering power of the gill may be varied by altering the
width of the ostia or the speed of the current. A typical lamelli-
‘branch filters thirty to sixty times its own volume of water in a
hour. As the water passes between the filaments, food particles are
held back by straining cilia and are carried forward by other cilia
in mucous strings towards the mouth; filtration is probably chiefly
the function of the eu-latero-frontal cilia.
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Fig. 1. A scanning electron micrograph of the external surface of the
gill plate.

PC: plical crest PG: plical groove

Fig. 2. A light micrograph of a cross section of a gill plate, showing
the ordinary gill filaments on the crest, and principal gill fila-
ment on the groove.

OF: ordinary filament WT: water tube
PF: principal filament
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Fig. 3. A light micrograph of a cross section of gill plicae, showing
the regional differentiation of gill filament.
1. frontal region 4. pro-lateral region
2. pro-latero-frontal region 5. lateral region
3. eu-jatero-frontal region

Fig. 6. A transmission electron micrograph of a cross section through
a gill filament.
F: frontal cilia pLF: pro-latero-frontal cell
eLF: eu-latero-frontal cirri L: lateral cilia
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Fig. 4. Diagrammatic drawing of a cross section of external lamella filament

showing the arrangement of cells.

Fig. 5. Diagrammatic drawing of a cross section of internal lamella filament

showing the arrangement of cells.

F: frontal cilia pL: pro-lateral cells
eLF: eu-latero-frontal cirri L: lateral cilia

pLF: pro-latero-frontal cilia ST: sensory ciliary tufts
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Fig. 7. A transmission electron microgiaph of a oblique cross section through
a gill filament, showing the various cell types of the gill epithelium,

1. frontal cell 4. pro-lateral cell
2. pro-latero-frontal cell 5. lateral cell
5. eu-latero-frontal cell CR: chintinous rod

Fig. 8. A transmission electron micrograph of a surface of gill epithelium,
showing the fine structure of the frontal cells.
F: frontal cell BD: basal body
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Fig. 9. A scanning electron micrograph of the enlargement of Fig. 1, show-
ing the various groups of cilia that cover the plical crest.

Fig. 10. A scanning electron micrograph of the gill filament, showing three
complete sets of cilia on the gill filaments.
F: frontal cilia ST: sensory ciliary tufts
eLF: eu-latero-frontal cirri
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Gomphina Veneriformis Lamark

Fig. 11.

Fig. 12.

A scanning electron micrograph of the gill filament, showing
the frontal cilia and the flexible eu-latero-frontal cirri.

F: frontal cilia ST: sensory ciliary tufts

eLF: eu-latero-frontal cirri

A scanning electron micrograph of the frontal view of the gill,
showing the pro-latero-frontal cilia projecting between the
cilia and eu-latero-frontal cirri.

F: frontal cilia elLF: eu-latero-frontal cilia
pLF: pro-latero-frontal cilia ST: sensory ciliary tufts
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Fig. 13. A scanning electron micrograph of the ab-frontal view of the
pro-latero-frontal cilia, which set beside the frontal cilia.
F: frontal cilia pLF: pro-latero-frontal cilia

Fig. 14. A scanning electron micrograph of the enlargement of Fig. 13,
showing the pLF with the disc-shaped end.



Fig. 15. A transmission electron micrograph of the cross section through
the frontal cilia, showing the 9+2 pattern.

Fig. 16. A scanning electron micrograph of the frontal view of the gill
filament, showing:
F: frontal cilia L: lateral cilia
eLF: eu-latero-frontal cirri ST: sensory ciliary tufts



Fig. 18.

Fu Jen Studies

A scanning electron micrograph of the eu-latero-frontal cirri’
of two adjacent fill filaments, showing the mesh formed by
the divergence of the cilia comprising the main axis of each
cirrus,

F: frontal cilia eLF: eu-latero-frontal cirri

A scanning electron micrograph of the later-abfrontal view of
the eu-latero-frontal cirri, showing the free marginal part and
the fixed baasal part of the cirri.

eLF: eu-latero-frontal cirri
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Fig. 20.

Gomphina Veneriformis Lamark

A scanning electron micrograph, showing the eu-latero-frontal
cirri bending to the frontal surface on the gill filament.

F: frontal cilia eLF: eu-latero-frontal cirri
pLF: pro-latero-frontal cilia L: lateral cilia

A scanning electron micrograph, an enlargement of Fig. 11,
showing the lateral cilia hidden in the gill groove.

F: frontal cilia pLF: pro-latero-frontal cilia
eLF: eu-latero-frontal cirri L: lateral cilia
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Studies on the Enzymatic Browning Capacity of
Grapes II. Changes in Polyphenol Oxidase
Activities During Development and
Maturation of Golden Muscat Grape

HsurH-Err CHEN and LAN-SmIN CHIN

Gradute Institute of Nutrition and Food Science

ABSTRACT

Changes in polyphenol oxidase (PPO) activity during develop-
ment and maturation of Golden Muscat grape from two growing
seasons and two production areas were studied.

The results showed that mature winter grapes were higher in
total soluble solids and titratable acidity than summer grapes. The
PPO activities of both summer and winter grapes fluctuated during
stages of development and early maturation. But at the mature
stage, winter fruits were lower in PPO activity than summer fruits,
The grapes from Erhlin showed a higher PPO activity than those
from Houli.
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ABSTRACTS OF PAPERS BY FACULTY
MEMBERS OF THE COLLEGE OF SCIENCE
AND ENGINEERING THAT APPEARED
IN OTHER JOURNALS DURING
THE 1985 ACADEMIC YEAR

Classical Trajectory Calculations for Atom
(Ion)-Diatomic Scattering

Frank E. BubENHOLZER
Proc. Natl. Sci. Counc. ROC(A), Vol. 9, No. 4, 1985, pp. 312-325

Classical trajectory calculations provide an important technique
to model both reactive and nonreaclive atom (ion)-diatiom collisions.
If the potential energy for all accessible atomic configurations is
known (potential energy surface) and if the initial positions and
velocities of the particles are defined, then the classical equations
of motion can be numerically integrated to give the positions and
velocities at all future times. This review will focus on work carried
out in our laboratory under the sponsorship of the National Science
Council. We first review some basic concepts and their application
in the study of spherically symmetric systems. Rotationally inelas-
tic, nonreactive scattering is then considered with special emphasis
on the use of classical perturbation scattering theory to study ion-
diatomic collisions. We then consider reactive scattering and discuss
our recent work on the F+H, reaction. The paper closes with a
few remarks on the relationship between classical and quantum
mechanical methods.

Comparison of the Ease of Thermolysis of
Ortho-Substituted Phenyl Azides Having
o, # or B, r Imine Functions

SHANG-SHING P. Cuou, PETER A.S. SMmiTh,*
and Grecory F. Buppe*
J. Org. Chem., 1985, 50, 2062-2066
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o-Azidobenzaldehyde benzylimine (7) thermolyzes 34 times faster
than phenyl azide and 1.6 times faster than p-chlorobenzaldehyde
o-azidoanil (8), whereas benzaldehyde (o-azidobenzyl)imine (9) and
acetophenone (o0-azidobenzyl)imines (10a-e) show little or no rate
enhancement over phenyl azide. An electrocyclic mechanism can
account for the rates of 7 and 8 relative to each other but not of 8
relative to pheny! azide; 9 and 10a-e appear to thermolyze by nitrene
formation, even though a mechanism through intramolecular cyclo-
addition may in principle be available. A mechanism based on
electrostatic effects in a dipolar transition state can correlate the
effects of different types of a,B-unsaturated ortho substituents.

* Department of Chemistry, The University of Michigan, Ann Arbor.
Michigan 48109.

Levels of Isozyme Variation Within and Among

Histoplasma capsulatum Loealities

C. Lan, J.L. Hamrick* and R.W. LicutwaArDT*

Transactions of the Kansas Academy of Science,
89(1-2), 1986, pp. 49-56

Electrophoretic data from four Histoplasma capsulatum Darling
sites was reanalyzed to determine the distribution of phenotypic
variation within and among localities and individual soil samples
taken from the localities. Three of the United States localities were
blackbird roosts while the fourth was a gull nesting area. These
results were compared to those from a third substrate type—a bat
cave located in Colombia, South America. Approximately 482 of
the total phenotypic diversity in six enzyme systems was found
within an individual soil sample, 272 occurred among samples within
localities and 252 occurred among localities. The Célombian bat
site was not exceptional in terms of phenotypes observed or pheno-
type frequencies. However, this locality had less heterogeneity
among soil samples than did the bird sites.

* Department of Botany, University of Kansas, Lawrence, Kansas 66045.
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The Studp of Clinostomum complanatum (RUD., 1814)
V. The Influences of Metacercaria of

Clinostomum complanatum on Fish

Cau-Fanc Lo, Sum-Curen Cuen and Cuunc-Hsiune Wang

Fish Pathology, 20 (2/3) 305-312, 1985. 9

Microscopically, the metacercariae of Clinostomum complanalum
were encapsulated by a fibrous layer to form a cyst. The cyst wall
was composed of connective tissue fibers, chiefly collagen fibers,
of the fish in reaction to the infection. There were bhlood vessels
penetrating into the cyst wall and forming a capillary network.
These blood vessels might supply the nutritional requirements of the
metacercaria and remove the wastes produced by the worms.

The metacercaria of C. complanatum got a lot of nutrients from
its host for growth and storage. The possible routes of the meta-
cercaria of C. complanatun to get nutrients from its host may be
through the digestive tract or by the direct absorption of the cover-
ing of the worm from the body fluid of the fish. The morphological
feature suggested that the tegument of the metacercaria of C. com-
planatm possessed the tegumental absorption function.

Generally, the metacercariae of C. complanainm lay quiescently
in the cyst. No great harm was done to fish unless there were
massive numbers. The greatest damage occurred when metacercariae
had been activated and migrated out of the body wall of the fish.
The process of the excystment and migration of the worms caused
the congestion and hemorrhage followed by the serious tissue dam-
age. After the excystment of the metacercaria, the fish tissues
around the worm were dissolved. The result indicated that the
worm might produce certain enzymes to facilitate the dissolution of
fish tissues and cause the death of the fish due to the destruction
of the fish body.
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A Very Compact Chinese System Using Component
Method and Character Generator

Yeong-WEN HwANG

Proceeding of the 1985 International Conference on
Chinese Computing, San Francisco,
February 26-28, 1985

This paper describes a microcomputer using component(radical)
method and character generator to process Chinese. With new
keyboard design which assigns components to a new alphabetic
keyboard, separate component keyboard may be omitted. The whole
system is integrated inside the keyboard.

A text editor operating in both screen mode and command mode
was written for easy editing work of the mixed Chinese and
alphanumeric text. Beside unlimited number of characters, the
system can handle CAI lessons, games and BASIC in Chinese.

State-Space Approach to the Analysis and Design
of A Synchronous Phase Convertor

C.H. Lru* and Y.S. Lee

IEE Proceedings. Vol. 132 Pt. B No. 3, p. 164-170, May, 1985

The state-space model of a synchronous phase convertor is
formulated by using the nonlinear dynamic equations of both the
pilot (Synchronous) and the load (induction) motors. A design
proceedure is presented for computing the parameters of a linear
controller for the field exciter of the synchronous motor. The con-
troller parameters are updated according to the selected steady-state
operating conditions. The proposed controller is suitable for micro-
computer implementation. The wvalidity of the controller design
method is further verified by using computer simulation. Numerical
experiments indicate that the synchronous phase convertor system
can be operated stably under different load andfault conditions.

* Departement of Electrical Ergineering and Technology. National Taiwan
Institute of Technology.
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Play and Social Development in Taiwan

Suyu-Fane Lo CHia

Joe L. Frost and Sylvia Sunderlin, eds.

From When Children Play, Association

for Childhood Education International
Wheaton, MD, 1985, pp. 61-65

Many kinds of play may be traced back to early years of the
Han Dynasty (206 B.C..-219 A.D.) such as Dragon dance and the
Lion dance; puppet show and shuttle-cocks; jumping rope and
flying kites; swinging and hopescotch; playing with bamboo and
paper toys; paper cutting; chio-lian huan (mathematical training)
diagrams, playing with kaleidoscopes and bamboo instruments,
Through such play activities, children can experience a wide variety
of the elements of cultural and traditional play.

Contemporary preschool children’s play, school-age children’s
play and childhood groups. As the child grows older and more
experienced, playful treatment of toys becomes more diverse and
sophisticated. Both imagination and intellectual curiosity begin to
contribute to play. After entering school, most children want
companionship. They become interested in games, sports, hobbies
and other more mature forms of play. The quality of school
children’s play becomes more social.

School Children achieve acceptance in a group and, with
cooperative play activities, an opportunity to learn to play in a
social way.

Play contributes to children’s social development and the
development of desirable personality traits and social adjustments.
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