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2 On the Existence Theorem for Spacea Curves

condition that a particular solution of a Riccati differential
equation or a 2nd order linear differential equation can he
found.

2. THE MAIN RESULTS

It is known that a curve with £(s)=0, s€I=R+, is a straight
line.

Hence we assume that the curve we discuss has #(s)>0,
and let

= (), sel (2)
Put
t=j:x(;u)du, sel, (D=]J. (3)

This allowable change of parameter from s to { is due to
the fact that gﬁ-=x(s)>0. Applying (2), we get a new form
for the Frenet formulas as follows.

Lemma. Leta curve ¢(s) have continuous functions x(s)(=0),
7(s), s being the arc length measured from 0, s€l. For a
differentiable function t=j:x(u)du, t(I)=], and the new Frenet
frame T=1(s), N=n(s), B=b(s), the Frenet formulas (1) become

dT _ dN _ 4B _
W.—N’ - T +¢B, F: cN (4)

where c=v(s).

We will solve the new Frenet equations (4) under the given
initial frame {ro; To, No, Bo} at t=0(€]), r(®=0(s(®).

Consider a vector field

V=T+iIN-+uB (5)

with parameter functions 4, #€C'(J).
Differentiating (5) with respect to /, we have
V/=T/+AN"+ B+ N+¢'B
==AV+ W+ 1 +2—c) N+ (' +cd+A) B (6)

]

(=
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by (4) and (5).
Let 4, # satisfy the simultaneous differential equations

N=cp—(1+12),

{ﬂ'=—1(c+ﬂ). 1)
then (6) and (7) imply that

V/+iv=0. (8)

For a pair of particular solutions A(8), () of (7), integrating
(8), we get
- ‘ “ u
V=T+IN+uB=V,e Tl oy 9)

where Vo=To+1(0) No+ 2(0) B,.

Hence three sets of different values of 2(#), #(/) enable
us to find the vectors T, N, B satisfying (4). Then r can be
obtained by integrating T once or N twice.

Now we will solve the simultaneous DEs (7):

Multiplying the first equation of (7) by 4, the second equation
of (7) by # and adding the two equations, we get

AN+ pp! + (1 124 p22) 2=0, (10)
a differential equation which has a general solution
14224 p2 = Ae—'rz}'(')“, A: an arbitray constant>0. (11)
Take A=0in (11) for brevity. Then
1+ 424 2 =0 12)

is an integral of (7). We find the other integral of (7) by
squaring the latter equation of (7) and substituting (12) into it
to ohtain

#2+ (c+ 1 )2 (1+ p2) =0, (13)
a binomial DE of degree 2.
Consider a substitution of # by » such that

o pti
yg"“ #—1 ’ H (14)
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then (13) becomes
( T 1)4. (4y"2+ {(y*+1) i+ (3*—1) c}*)=0,
or

=Tl G+ Oy -0} W, (15)

a Riccati DE which can be easily solved in the case where one
of its particular solutions is found. When ¢ is a constant, (15)
becomes a separable differential equation, ¥ can be solved,
and # is found by (14).

There is another way to solve (15): when ¢ is differentiable
and does not equal to —i, then a substitution

. +22
Yo (16)

into (15) yields a linear differential equation of 2nd order

P 2
zrfﬁ Cicjl zr+ (Cz-l) 2:0, (17)

which can be solved as a series of z

A particular solution of ¥ from (15) or (16) gives the value
of # by (14). For such g, when #2+1550, we get two values
of A by (12). Let them be

h=ivI1+m@ , h=—iy/ 1+, (18)

Put A=A1, in (8) and intergrating V’+4i, V=0, i=1, 2, we
have

V,=Viee Joh(4 T i42,(0) No+2(0) Bo, i=1,2, (19)
or

T+ Ay Nt B=Vyg e k() (20)

T+ A N+ pB= Vi ¢ Joha(r)ex @)
substracting (21) from (20) we obtain

N® =gty Vue Ve T ey @y
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Intergration of (22) reduces to
TO= [ sy Vo T = Ve 880y a1 1,
te], (23)

and the required vector equation of the curve is found as

Lt T A IO
0=, 5y A Ty =may (Ve
—Vzoe—mz(")“)dv+To} dw+ry, t=]. (24)

In the case c¢=constant, applying (12) to (7), and by
investigation of (7), we get an integral of (7) other than (12)
to he

L=-c (25)
We discuss some values for constant c:
If cx+i, then (12) and (25) give A=ivVI+c®, h=—iy1+ct.
Thus, from (23)

! ] —ivViigel o ivVigeto
T(t)=j; m(Vme —Vue ) dv+ Ty

(1+c3) At ey Vule R _1)+Vzu(3i\/1+cz’ —=1)+Ts
_ ¢*+cosVI+cP¢ Tot sin/1+c¢ N
- 1+e T Vire
—cosV/ITE
¢ HzcosVIteDp, te].  (26)
Integrating (26), we ohtain
P cz—H:osl/H—f:2 sinV/1-+c*w
rO= [ oy (T e Tk S N
4 Cfl"c‘ﬂ/c%“’ ) By) dw+r, te]. @n

For a constant unit vector a=

'|/l+ 5 (cTe+By), T(H-a= 1/1+ 21

a constant vi€], hence the curve in (27) is a cylindrical helix .
If ¢=0, then #=0, 4=7, and A;=—i. A direct computation
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of (20) and (21) yields
T()=(cos ) To+(sin ) Ny, t&]. (28)

integrating (28), we have

]
=] J&iﬂﬂgTﬁ{()iggqm)Nﬁ¢mteL (29)

a plane curve. The result in (29) can be obtained from (24) or
(27) also.
If c=—p==i, then 1=0, and (19) becomes

T —iB="T—iB,, (30)

T +iB=Ty+iB,, (3D
adding (30) and (31), and integrating, we get

a(s)=Tos+tr, sEI, (32)

a straight line, which is the case x#=0 we have excluded. Thus
we obtain a theorem such as:

Theorem. Let a curve ¢(s) have differentiable curvature
E(s)(=>0) and torsion 7(s), s being the arc length of the curve
measured from 0, s€I. For a parameter t=fnak(u)du, (D=7,
let o(s(®) =r(@®, t(s(D) = T, n(s(D) = N®), b(s(®)) = B(® and
c()=v(s(#)). Then for an initial frame {ry, T, No, Bo} given at
t=0, the Frenet equations in (4) can be solved as in (24), where
A and V;,, i=1, 2, are given in (18) and (19) respectively.

For the special cases of (24), we have the cylindrical helix
as in (27) and a plane curve as in (29).
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CECH COHOMOLOGY THEORY OF
FINITE GROUP ACTIONS

Hon-YU MA

Department of Mathematics

ABSTRACT

We study the Cech cohomology theory of paracompact space
with finite group action, First, we consider some special

coverings of the space. Then Cech cohomology groups are
defined, along with a discussion of properties,

We also consider the finitistic space with the action of
cyclic group of prime order p. Take Z, as coefficient group,

the Cech cohomology groups then defined are vector spaces over

Z,. Thus there arise the problem of dimension of these Cech
groups. Finally, we give an application of above discussion,

§ 1. COVERING AXIOMS AND CECH COHOMOLOGY

In this section, X is taken to be a paracompact G-space, G
finite and AcX is a closed invariant subspace.

We call an invariant open covering % (g%=% for all g) a
G-covering if the nerve K(%) of % [the simplical complex with
vertices the members U==# of % and simplices (U,,..., U,) where
UoN...NnU,=+=7] satisfies the following condition: If Ue% and
g=G with UngU==¢#, then U=gU.

We call a G-covering % regular if K(%) satisfies the
following condition for each subgroup H of G: If (U,,..., U,)
eK(@) and (& U,,..., ", U, )=eK(%) where hy,..., B, are in H,
then there is an element Z€H such that 2U;=#%,U; for each i

11 Theorem. Let X be a paracompact G-space, G finite.
Then the locally finite, regular G-coverings of X are cofinal in
the set of all coverings of X.

Proof. Let % be any open covering of X, then ¥=N;cg%
is an invariant cover refining %. Since X is paracompact, there
exists a locally finite invariant covering % which refines 7.
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Let f={fylwesW} be a partition of unity subordinate to %
We define /" by putting f3(x)=1/|G|2,f;w(gx). Then

z fév(x)*T"Gﬁl h3) 2 fgw(gx)Mﬁ Z‘l -1,
fhw(hx)*l‘G! Efg;.w(gf’lll)"IG_ fg!w(-g x)= fw(x) (hei),

and the the support of fy:

(xeX|fa(x)0} = U {x [ frw(gx)>05

g

= U g4y fe.(3x0}c Ug“gW Ww.

[
Thus f={f;|We®w} forms a G-partition of unity subordinate
to ¥.
Let f:X—|K(%)| be the associated map with f(x)=3y fix)W,
then 7 is equivariant, since

=2 fu(g)W =2 fiw(g)eW=2 fi(x)gW
=z 2 fa(W=g7(x).

Let f'K(#) denote the covering of X by the inverse image
of open vertex stars of |K(#)|. In fact, it is the covering by
the open sets: f(stW)={x|fyz(x)x0;cW which refines %.

We take a simplicial complex K’ which vertices are simplices
of K(#) and whose simplices are the sets (sg,..., 5.) where s;
are simplices of K(#') such that s, is a face of s;:, that is
K’ is the barycentric subdivision of K(%), then there is a
canonical homeomorphism |[K’|=|K(#)|. We claim that the
induced G-action on K’ satisfies:

If s is a vertex of K/, and if s and gs belong to the
same simplex of K’, then s=gs. (%)

This can be seen, by the construction of K’, since then s is
a face of gs or vice versa. But the G-action preserves the
dimensions of simplices, so that s=gs.

Let K be the barycentric subdivision of K’ as in the above
paragraph. We shall prove that K’ satisfies the following
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condition for each subgroup H of G by induction on #:

If (so,..., 5.) and (koSo, ..., k,S,) both are simplices of
K’ where #4; are in H, then there exists an element
% in H such that k;s;,=hs; for all i (%)

By inductive assumption, there is an element % in H with
hs,=h;s;, for 0<i<<n. Operation on (hS, ..., k,5,) by k™ shows
that (so, ..., Su-1, #7*h,s,) is a simplex of K7 and then s,Cs;C...
cs,-1Chth,s,. Thus s,;Cs,Nh'h,s,, which impies k™ 'k, acts
trivially on s,-1, hence trivially on s; for i<, That is k.s.=hs,
for i<n. Thus h.s,=h,s; for all i Moreover, K" also satisfies
the condition (%), since if s and gs belong to some simplex of
K”, then (s, s) and (s, gs) are simplices of K’/, whence for
some h, s=hs, hs=gs. Thus s=gs.

Returning to the map F:X—|K(¥)|=|K"”|. Then fK”
is an invariant covering, since f is equivariant. If sisa vertex
of K" and if Fi(sts)Ngf(sts)+=%, then there is a point % in
X such that f(x)(s)==0 and f(x)(gs)==0, thus s and gs belong
to the same simplex of K. By the condition (%), we have
that s=gs. Hence f"l(sf 5) = jT"(si gs) = gf_“(st s). Thus we
have shown that f'K” is a G-covering. Finally, one can
easily show that f‘lK” is a regular covering by using the
condition (* %). Q.E.D.

From now on, let % be a regular covering of X, and let
K(#%/A) denote the subcomplex of K(%) consisting of those
simplices (U,, ..., U,) with UpN..NU,NAxg, K(#/A) denotes
the subcomplex consisting of those simplices (U,,..., U,) such
that Uyn...nU,+2 and each U.NnA=%gZ. For simplicity, write
K=K(%), L=K(%/A). Let C(K) be the oriented chain complex
of K. [see ref. 2, p. 159]. Then C(K) inherits an action of G by
putting g[U,, ..., U.1=[gU, ..., gU,] and hence is a module over
the group ring ZG of G.

We let a=3,cc g then aC(K) is a subcomplex of C(K).
Since L is an invariant subcomplex, then G acts on C(K, L)=
C(K)/C(L) and «C(K, L) is a subcomplex of C(K,L). Let =:
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K—K/G be the canonical simplicial map. [K/G is the simplicial
complex with vertices, the orbits U¥={gU|g=G} of the action
of G on the vertices U of K and simplices of the form (8, -, TTEN
where (U, ..., U,) is a simplex of K.] We also use = to deonte
the chain map =: C(K, L)-C(K/G, L/G).

1.2. Theorem,
ker {r : C(K,L)—C(K/G, L/G)}=ker {a : C(K, L)—C(K, L))

Proof. Let s be any simplex of K/G, let si,..,s, be the
simplices of K over s. Since % is regular, there exists .G such
that s,=gs; for i=>1. Thus we may orient the s, and s so that =:
s,—s preserves those orientations. Thus it suffices to consider
chains of the form ¢=3#n;5. Then mc=(2#n,)s, so that me=0
iff =3 n;=0.

On the other hand, since G permutes the s, transitively and
ga(e)=a(c), thus we have a(c)=m s, for some integer m. By
adding the coefficients on both sides of this equation, we see
that |G|2 n,=mn=m|G|/|Gs:| where |Gs;| denotes the order of
the isotropy subgroup of G at s;. Consequently, m=|Gs| (2 n,).
Thus a ¢=0 iff 2 »,=0. Q. E.D.

By 1.2, we have the chain isomorphism:
aC(K, L)=C(K, L)/ker a=C(K, L)/ker z==C(K/G, L/G).

In fact, the map «C(K, L) - C(K/G, L/G) by ac—rmc is this
isomorphism. Let ¢ be the composition C(K/G, L/G)—~aC(X, L)
cC(K, L) given by nc—eac.

Now we consider cohomology groups with any coefficient
group I Then ¢ induces a cochian map

Hom (s, 1) : Hom (C(K, L); I')—Hom (C(K/G, L/G); I7)

and hence a homomorphism in cohomology e¢*:H#* (K, L; I)—
H* (K/G, L/G; T'). Also note that = induces the map =*:
H* (K/G, L/G; I)D—H*(K, L; I).

Since if ¢*=n¢ then 7o (¥ =rna (c)=|G|x (c)=]|G|c*. Also
orn(c)=ea(c). It follows that:
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o¥r¥=(no)*=|G| : H¥(K/G, L/G; ID—H*(K/G, L/G; T) (1.3)
mkok=(on)*=a*=31g*  H¥(K, L; I)—H*(K, L; I") (1.4)

Let us generalize the above discussion by considering a
subgroup H of G and the diagram

ﬂyKYr‘G

K/H WK/G

of simplicial maps. As before we use mg, my and me,n to stand
for the induced chain maps. Also let ay=enh, ac=2,.c20
We define a chain map

dasn : C(K/G, L/G)—C(K/H, L/H)
by composing

C(K/G,L/G)=as(C(K,L)) — auC(K,L)=C(K/H,L/H)

inclusion
76(€) > ae(c)—au(c’) - my(c'),

where ¢’=3g;¢, {g} being any system of representatives of
the right cosets of H in G.
Since

7o /u 9a/n(ma(€))=na /a(ma(c)) =ns(¢)=(IG|/|HI) e (c),
thus we have a homomorphism
(0o m)* : H¥(K/H, L/H; IV—H*(K/G, L/G; T)
such that
(00 /m)*(me/n)*=|G|/H| : H¥(K/G, L/G; T)
—H*(K/G, L/G; T). (1.5)

If ¥ is a regular G-covering refining %, then there exists
an equivariant projection p : ¥ —%, that is Vcp(V) and p(gV)=
gp(V). To see this, simply choose a representative out of each
orbit of G on ¥ and define p arbitrarily on these representatives
so that Vcp(V) (since ¥ refines %). If gV=g'V, where V is
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one of these representatives, then glg’'p(V) np(V) D g'g'V
NV=V==dg. This implies that g'g'p(V)=p(V) for % is a
G-covering. That is gp(V)=gp(V). Thus we can extend the
definition by putting p(gV)=gp(V).

Of course, an equivariant refinement projection p : ¥ —%
defines a simplicial map # : K(#¥)—-K(%) which is equivariant.
And any two such maps p, p' : ¥—% define contiguous simplicies
maps §, §, which means that for each simplex (Vg ..., V.) in
K@), #(Vo...,, V.) and 3'(V,, ..., V,) belong to the same simplex
of K(%). This can be seen, since (Vo ..., V) =0@(Vo), .o, (V)
and §'(Vo, ..., VI=0'(Vo), ..., '(V.)), thus

PV N..Np(V NP (V) N...np'(V,)DVoN... NV, EZ.

Returning to the map ¢ corresponding to two regular
coverings %, ¥ with % being a refinement of % and let p:
¥ —% be any equivariant projection, then we have the induced

commutative diagram:
o
H*(K(%), K(%Z/A); T)—H¥K(%)/G, K(%/A)/G; T")
g%
H*(K(#), K(¥/A); D)—H¥K(¥)/G, K(¥/A)/G; I')
by naturality of the map o. The vertical maps are independent
of the choice of p since contiguous equivariant simplicial maps
K(#)—K(%) induce contiguous maps on K(#)/G—-K(%)/G. Also
see ref. 1, p. 164. Passage to the direct limit gives: o%: H*(X,
A; T)-H#*(X/G, A/G; I"), where H*(X, A; I') denotes the Cech
cohomology of (X, A) over T.
In the above discussions, one can use K rather K to produce
the same groups [see ref. 1, p. 249]
From (1.3) and (1.4), we derive:

cr*=|G|: H¥(X/G, AG; ID—H(X/G, A/G; T) (16)
n¥ok=gk=31g% : IK(X, A; T)—H*X, A; D) %))
In the general case, we have:
- (oa,m)*; H*(X/H, A/H; T)—H*(X/G, A/G: TV
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with
(0 n)¥(ma u)*=G|/|H|: H¥(X/G, A/G; T)
—H¥(X/G, A/G; D). (1.8)

§ 2. SPECIAL CECH COHOMOLOGY

Through out this section, X will be a finitistic G-space
(every open covering has a finite-dimensional refinement), G
is cyclic group of prime order p and A is a closed invariant
subspace of X. We shall study cohomology with coefficient in
Z,. First note that by 1.1, we have that the finite-dimensional
(the dimension of a covering is the dimension of its nerve.)
regular coverings of X are cofinal in the set of all coverings
of X.

Let % be any finite-dimensional regular covering of X. As
hefore, let K=K(%), L=K(%/A). Let g be a fixed generator of
G and put p=1+g+.+g?? r=1-g in the group ring Z,G.
Since g’=1 and since we are working over Z,, thus Br=r8=0,
and since (=1)' (P7!)=1(modp) we have that g=7""L If 7=
r?, we put 7=7""" Thus B=7% and 7v=pB. Consider the chain
subcomplex 3C(K, L; Z,) of C(K, L; Z,) for »=r" 1<q<<p.

21 Theorem.
0—C(K, L; Z,) C(K® L%; Z,)
j 7
—C(K, L; Z,)—5C(K, L; Z,)—0

is an exact sequence of the chain complex, where j is the sum
of inclusions.

Proof. It suffices to consider n-chains in the orbits of s for
n-simplex s of K not in L, and there are two cases, depending
on whether s is in K° or not. If sis in K9 then rs=0, so that
ps=0=%s, and the sequence restricted to this case is exact.
(K¢ is the subcomplex of fixed points of G on K.)

If s is not in K% an #n-chain in G(s) has the form 3 n.g's,
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n,€Z,, and corresponding to the unique element 2 #n,¢' of the
group ring A=Z,G. Thus the sequence reduces to

i %
0 —pA—>A—75A—0.

We now investigate the exactness of this. Since these are
vector space over Z, and j is injective and » is surjective, it
suffices to show that dim yA+dimyA=dim A=p. The kernel of
T : A=A consists of the elements with constant coefficients and
hence 1-dimensional, generated by A. It follows that dim yA=
dim A—1. However ker7=Z,8c?'A for each 1<i<lp, since
B=7’1=7y"y?-"-1 By induction, dim 7'*'A=dim 7(r'A) =dim r‘A—
1=p—i—1. Thus dimr*A=p—gq. Q.E.D.

Let Hy(K,L; Z,)=H*(C(K, L; Z,); Z,), that is the homology
of the cochain complex Hom (7C(K, L; Z,); Z,). For the same
reasons as in section 1, we can define:

Hy (X, A; Z,)=lim H; (K@), K(%/A); Z,)
and
H*(X°, A% Z,)=lim H¥(K(Z/X%), K(%/A%); Z,),

where % ranges over the finite-dimensional regular converings
of X.

2.2 Proposition. Let D be a direct set and let {A,, f.,} and {B,,
Zesr be direct systems of abelian groups based on D. Let {6,:
B.—A.} be a homomorphism of directed systems (8, g.,=f..;0.).
Assume that for each e, there exists an index f>a and a
homomorphism #,,: A.—B, such that the diagram

-ﬁa_)Ad

glylf g

By S5 s

commutes. Then the induced map #:1lim B, —1lim A, is an
isomorphism.
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Proof. Let K.=kerd,, C,=A,/Imé,, thus 0—-K,—»B,—A,—»C,—0
is exact for each a. If B>« is such k., exists, then from the
diagram:

Qe——>Kg—>Be —> Ay —> Cy —> 0

Nl

'D'—)Kﬁ"“**‘)Bp —_ A/j——,‘rC,‘;""—>0

the induced maps K.—K,; and C,—C; must be zero. Thus lim
K,=lim C,=0. This implies the result immediately, since the

direct limit is an exact functor. Q.E.D.

2.3 Proposition. If % is a covering of a space Y and if ¥ is a
star refinement of % [see ref. 3, p. 167] with a refinement
projection p: ¥—% such that V'NV=+g implies that V'cp(V).
Then for any subset E of Y, the image under the induced map
p of K(#/E) in K(%/E) is contained in K(%/E). Moreover, if
Y is a paracompact G-space and % is a G-covering, then there
exists a G-covering ¥ which is a star refinement of % and an
equivariant projection p: #—% with the property: If V/'nV==¢,
then V'cp(V).

Proof. If (Vy, ..., V.) is a simplex of K(#/E), i.e.,, Von...0V,
+@ and V;NE==d&, then Vocp(V,) for all i. Thus p(VynN..
Np(V,)DVeDVeNE+Z, so that (p(Vy), ..., p(V,)) is a simplex
of K(#/E).

For the last statement, we may assume that % is locally
finite, since Y is paracompact. Let f be a G-partition of unity
subordinate to % (see the proof of 1.1), and F:X—|K(%)| be
the associated equivariant map, then if L is the second
barycentric subdivision of K(%), and if we let 4 =f-1L, then ¥
is a G-covering and is a star refinement of % [see ref. 3, p. 171~
173]. Finally we choose p arbitrary on representatives V for
the orbits of G on ¥ such that V'cp(V) for V' nV=+g, and
then extend p by putting p(gV)=gp(V). Q.E.D.

2.4 Proposition. Let % be a G-covering of a G-space Y and ECY
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be a closed invariant subspace. Then there exists a G-covering
¥ refining % such that:

K(¥/E®)cK(¥/E)°cK(¥/E®)
and

K@ /Y) K@) =K /Y.

Proof. The first inclusion means that if VNE®+Z (where
V is in ¥7), then gV=V for all g, and this always holds for a
G-covering. The second inclusion means that if VNE==¢ and
gv=Y for all g, then VNE®+@. The equality means that
gV=V for all g iff VnY%Zg. We take the following three
cases:

(i) If yeY—Y¢ let V,(which is contained in some U of %),
U, be disjoint open sets containing ¥, hy respectively for each
hé&G,, then take W=i.c, (ViNA7U,), and thus V,=(Nszec,
g[Wn(Y—-Y®] is an open set containing ¥ which is invariant
under the action of G, and is such that 2V,nV,=% for each
heéEG,.

(i) If yeY°NE=E? then y€U for some U of %. Thus the
set V,=ec U is an invariant open set containing y.

(iii) If y€Y°—E, then y€U for some U of %. Thus the set
V,=Ngzec e [UN(Y—E)] is an invariant open set containing ».

It is clear that all the V, and their translates by G have
provided the desired G-covering. Q. E.D.

It follows from 2.2-2.4 that the inclusion of pairs
(K(%/X%), K(%/A®))—(K(%)°% K(%/A)®)
induces isomorphism:
lim H*(K(%/X°), K(%/A®); Z,)=lim H*(K(%)° K(%/A)*; Z,)
where % ranges over the G-converings of X, hence we may
restrict the coverings to be finite-dimensional regular covering

when X is finitistic,
Thus
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H(XC, A°; Z,)=Ilim H¥K(@)®, K(%/A)°; Z,),

where % ranges over the finite-dimensional regular coverings
of X. Hence from 2.1, we have an exact sequence:
.. L iy
w—H'(X, A; Z,)—H\(X, A; Z,) DH/(X% A°; Z,)
o* 7*
——>Hii+](X, A3 Zp)_""H‘H(Xs Aj Dyi—wnw (2.5)

26 Theorem,
dim H72(X, A; Z,)+ 2 dim Hi(X¢, AS; Z))< T dim H(X,A; Z,),

where X, A, G are described as in the begining of this section,
and dim H denotes the dimension of H' over Z,.

Proof. If Zi2ndim H'(X, A; Z,) is infinite, then there is
nothing to prove. Thus we assume that dim H'(X, A; Z,)<<co
for izn. Since X is finitistic, there exists an integer N such
that H'(X, A; Z,)=0 for i=N.

First, we claim then that I:If,(X, A; Z,)=0=H(X® A°; Z,)
for i>N. [One can show that Hi(X, A; Z,)=0=H'(XS, A% Z,)
for i=N in the same way.] Suppose this is not the case, then
there exists a finite-dimensional regular covering # of X so
fine that, with K=K (%), L=K(%/A), so that

Hi(K,L; Z,)QH (K¢, L¢; Z,) —HYX, A; Z,)OH (X% AS; Z,)

is nonzero for some such i=N. Consider the commutative
diagram:
a*

H; (K, K; Z,)®H'(K¢, L%;Z,) —H{ (K, L;Z,)—H#(K,L;Z,)=0

*
Hi (X, A; Z,)H (X%, A% Z,)—H{"(X, A;2,) —H;(X, A;Z,)
where the horizontal maps are compositions of the maps d%:
HI@H'-H' and those with 7, 7 interchanged alternating, and
here m>dim K. Since H/(X, A; Z,)=0 for j=N, then by using
2.5 again, we have the bottom row of this diagram consisting
of monomorphisms, this contradicts the nontriviality of the
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left-hand vertical map.
The exact sequence of 2.5:

H'(X, A; Z,)—Hi(X, A; Z,)OH (X%, A°%; Z,)—HY'(X, A; Z,)
shows that

dim Hi(X, A; Z,)+dim H'(X?, A%; Z,)< dim Hi*(X, A; Z,)
+dim H (X, A; Z,) for i>n.

Let
a;=dim H{(X, A; Z,),
bi=dim H'(X®, A% Z,),
a;=dim Hi(X, A; Z,)
and

c=dim H'(X, A; Z,).
Thus we have
a,+b,-—<.,li,,+1+ Cx

Gye1+ b,+1€a,,+2+6‘,,+1

d,,+z,=,_1—1—EJ..+“_1:€a,,+zk+c,.+“—1
Apiapt0p12s S@yipe1 Coran,
until #+2k+1>N.

The last inequality shows that both sides are finite. Then,
the next to the last inequality has both sides finite, and so
on. Thus every term in the above is finite. Adding these
inequalities and canceling gives @,z b;<Si2n ¢ as claimed.
Q. E.D.

Note that the map f=1+g+..+g**:C(K,L; Z,)—»C(K,L; Z,)
has the same kernel as does the composition
C(K,L; Z,)—C(K, LUK®; Z,)—C(K/G,L/GUK®/G; Z,).
This follows from that if s is a simplex of K not in L, then

B(Zn.g's)=(Zn,) (s)=0 iff T n,=0 or seK°®
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Thus
BC(K, L; Z,)=C(K/G, L/GUK®; Z,)
and in cohomology we have
H¥(K, L; Z,)=H*K/G, L/GUK%/G; Z,) @7

2.8 Proposition. Let % be a regular covering of a space Y and
let %, denote the covering of Y/G by the sets U=G(U)/G with
indexed by #%/G (%/G denotes the set of orbits of G on %).
Then the assignment U#*={gU | gEG}iﬁ:G(U)/G gives an
isomorphism of the simplicial complexes K(%)/G=K(%;).

Proof. If U=V, then U=gV for some g&G since % is
indexed by the sets %/G. This implies U¥=V#* Thus ¢ is 1-1
between vertices of K(%)/G and K(%;). Also ¢ is onto
between vertices.

If (Uy, ..., U,) is a simplex of K(%), i.e., UgN...NU,==%, then
Usn...nT,4=Z. This proves that ¢ is a simplicial map. Conversely,
every simplex of K(%;) has the form (0,,...U,) with Uyn...nU,+4&.
Then oUsn...Ng,U,+# for some g in G, and ¢ 1((0,,...0.))=
((aUp%,..., (. U.)¥)=(Ug..., U,®). Thus ¢! is also a simplicial
map. Therefore, ¢ is an isomorphism. Q. E.D.

In the above proposition, we see that every covering ¥ of
Y/G is produced in this way since (z7'*%¥).=%. And since an
indexed covering and the associated self-indexed covering are
refinements of one another, this will not effect the Cech

cohomology.
From 2.2-24, and 2.8, we have

H*(X/G, A/GUXS/G; Z,) =lim H*(K (%), K(%a/AUX®); Zs)
=lim H¥(K(%)/G, K(%/AUX%)/G; Z,)
=lim H¥(K(%/G, K(%/A)/GUK(%)*/G; Z,)

where % ranges over the finite-dimensional regular coverings
of X. By 2.7, we have

Hi (X, A; Z,)=H*(X/G, A/GUX°/G; Z,) (2.9)
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§ 3. APPLICATION

3.1 Proposition. Let G be a finite group acting on a fintistic
space X, and AcX be closed and invariant. Suppose that
H(X, A; Z)=0 for i>n, then H'(X/G, A/G; Z)=0 for i>n.

Proof. First, we shall show that H'(X/G, A/G; Z)=0 for i>n,
when G is a cyclic group of prime order p. Also we consider,
for the present, the case of a p-group G. Since a p-group is
solvable, there is a nontrivial normal subgroup G’ [see ref. p.
24-25]. Since K/G=(K/G)/(G/G’) (where K denotes the nerve
of the covering), an induction on the order of G reduces this
case to the case in which G is cyclic of order of p.

From the exact sequence 0—>Z—p>Z—>-Z,—>0, there is an
exact sequence

——H(X, A; 2)—H(X, A; 2)—HKX, A; Z,)—
H* (X, A; Z)—>
By hypothesis, H (X, A; Z)=0 for i>n. Thus H'(X, A; Z,)=0
for i>n. From 2.6, we have
dim Hy(X, A; Z,)+ X din IR K0 2,5
J &t
< X dim (X, Ay Z,) for izn.
J=t
Hence
HY(X, A; Z,)=0=H'(X% A%; Z,) for i>n.
Thus by using 2.9, we also have
H'(X/G, A/GUX®/G; Z,)=0 for i>n.
We consider the exact sequence of the triple (X/G, A/GUXES/G,

A/G) and then use the Nother isomorphism theorem of modules
[see ref. 5, p. 13]. Thus we have the long exact sequence

-—sH(X/G, A/GUX®/G; Z,)—H(X/G, A/G; Z,)
H(X®, A%; Z,)—H"*"'(X/G, A/GUX®/G; Z,)—>

>

Thus
dim H (X/G, A/G; Z,)< dim H'(X/G, A/GUX®%/G; Z,)
+ dim H'(X®, A®; Z,)=0 for i>n.
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Therefore,
H(X/G, A/G; Z,)=0 for i>n.
Using 0—-Z—Z—Z,—0 again, we have the exact sequence

-—H'(X/G, A/G; Z)—H'(X/G, A/G; Z)—
ﬁ'(X/G,IlA/G; Zp)—>-e  (i>n).
0
This means that H'(X/G, A/G; Z) is divisible by p for i>n

[see ref. 5, p. 93]. By 1.6, the composition
*

LE TE* e a .
H(X/G, A/G; Z)—H'(X, A; Z)—H'X/G, A/G; Z)
is multiplication by |G|=p through 0. Hence H'(X/G, A/G; Z)=0
for i>n.
Now for the case of a general finite group G, let H be a
Sylow p-group in G. By 1.8, there are homomorphisms

.. (mo/m)¥, ) (0o m)*,
H'(X/G,A/G;Z,) — H'(X/H, A/H;Z,) — H'(X/G,A/G;Z,)
whose composition is multiplication by [G|/|H|. Since |G|/[H]
is prime to p and H'(X/H, A/H; Z,)=0 for i>n in above processes.
Thus H'(X/G, A/G; Z,)=0, for i>n.
The exact sequence
H'(X/G, A/G; 2)—H(X/G, A/G; Z)—H(X/G, A/G; Z,)=0

(i>n) shows that H'(X/G, A/G; Z) is divisible by each prime p
of the factors of |G|, and hence is divisible by |G]. The
composition.

H(X/G, A/G; Z)—H'(X, A; Z)—H(X/G, A/G; Z)

is multiplication by |G| through 0 (i>=#n). Therefore,
H;(X/G, A/G; Z)=0 for i>n, where G is a finite group. Q.E.D.
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IRON TRANSPORT STUDIED BY DOUBLE-
LABELLED RADIOACTIVE TRACER
TECHNIQUE

ELiZABETH H. MEIL*

University of California, Davis
Chemistry Department

ABSTRACT

The basic physiologioal function of three protiens: ferritin,
transferrin and hemoglobin for iron transport is introduced
The evidence of transferrin-reticulocyte interaction for heme
synthesis, in the immature blood cell was studied by double-
labelled radioactive iron and the results are presented in this
work,

INTRODUCTION

Iron is not only a passive substrate in haem synthesis but
also participates in the control of this process. Understanding
the mechanisms of iron uptake, delivery, storage and entrance
into erythroid cells, reaching the haem molecule and ready
for haemoglobin synthesis, is essential under both normal and
pathological conditions. In this paper I will briefly introduce
three protiens: ferritin, transferrin and haemoglobin which
play key roles in this process and also present results of my
study on iron transport by radioactive tracing technique.

Ferritin is widely distributed throughout the various organs
of mammals, with particularly high concentrations being found
in the liver spleen, and bone marrow. Dietary iron, after
reducing to Fe*? in the upper part of the intestine, is absorbed
by the mucosal cells and transferred to ferritin. Once the
mucosal ferritin is saturated, no further iron is taken up.
Ferritin consists of a shell of protein subunits surrounding a

* Dr, E.H. Mei is an Alumus of Fu Jen Catholic University. Contact
address: P.0. Box 1231, Millbrae, Ca 94030. U. S. A.
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core of ferric hydroxyphosphate. The principal function of
ferritin is to act as a soluble storage form for ferric iron, in
which it can be mobilized. For the maintenance of the ferric
hydroxyphosphate micelle in a soluble form, the stability of
the subunit structure of the protein is of obvious importance.
Models™ have been proposed and a generally agreed feature is
that apoferritin (the protein part of ferritin) contains 24
subunits (polypeptide chain of molecular weight 18500.) and
properly has 5 tyrosin residues per subunit which are at the
subunit-subunit interface; a tryptophan residue in the vicinity
of the interface acts as a signal, changing its position in the
interior of the protien for the solvent just before dissociation
occurs; and that the subunit-subuit interface contains at
least 3 carboxyl groups of rather low pK (216 to 3.25). Iron
complexes mobilize in and out of ferritin through the channel
formed between the subunits’ interface and its mechanism of
mobilization is still under exploration. Mazur ef al® first
demonstrated the transfer of iron between ferritin and trans-
ferrin and that only the ferrous ion of ferritin was transferred.
Both Bielig® and Mazur’s lab® later found that transport iron
via a semipermeable membrane demains ascorbic acid from
ferritin to transferrin and ATP from transferrin to ferritin.
Perkins® in 1969 did a detailed analysis of iron transport between
ferritin and transferrin and found it to be a passive process,
which was unaffected by the iron moving against a concentration
gradient. A reducing agent was required for transfer, of those
used ascorbate was the best. The transfer reaction is pH
dependent, with an optimum pH at 7.3, and transfer is dependent
on the iron content of transferrin and ferritin. The results
can be expressed by the scheme,

reducing agent
Fet.Transferrin-chelate — Fet?.chelate

O,
Fe+S.ferritin == Fe*&ferritin

The above description was again deduced from semipermeable
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transport experiment. When we consider the transfer of iron
between ferritin and transferrin in vive. much less is known.
Only one fact at present is certain, that iron must be presented
to ferritin in the Fe*® form and must be mobilized in this form.
Further progress in this area must await advances in our
knowledge of the transport of iron across cell membranes and
the interaction of tranferrin, ferritin with the receptor mole-
cules on the outer and inner surface of the cell membrane.

Tranferrin is a f-globulin found in plasma. The molecule
contains 676 residues® yielding a molecular weight of about
81,000. It possesses two binding sites for metal ions the
isoelectric point for apotransferrin (ATIf) is 56, for diferric
transferrin (Fe,-Tf) it is 5. The binding of each Fe (III) to
transferrin (Tf) is acompanied by the simultaneous binding of
an anion, such as bicarbonate or carbonate, and the release of
three protons into solution. The protein sequence has been
determined but only at relatively low resolution (6 angstroms).
X-ray crystallographic results are available®,

The kinetics of iron-binding to transferrin is an area where
controversial reports constantly arise. Warner and Weber
(1953) measured the thermodynamic properties and claimed that
iron bound to transferrin co-operatively, in a pairwise fashion.
Aasa (1963) using classical equilibrium dialysis adduced evidence
that the binding sites of human transferrin are equivalent and
independent in their affinities for iron. Aisen (1978) ef al,
followed the above groups procedure and reanalysed the expe-
riment. They claimed that a two-sited protein like transferrin
must have four rather than two intrinsic or site constants,
since the binding of iron to each distinguishable site has its
own equilibrium. These exciting studies and arguements are
not directly relavent to the theme of this paper, even it is a
very important fact. Those interested in the details of this
kinetic study may refer to reference 9.

Iron (III) ion with unpaired 3-d electrons, possesses good
properties for a protein complexation study. Fe (III)-Tf-HCO;
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Fig. 1. Diagrammatic representation of the ferric ion,
bicarbonate chelate of transferrin. (Transaction,
New York Academy of Sciences 16, 182 [1953]).

Fe-O tyrosine binding to Fe (III)
Fe-N imidazoles liganded to Fe (III)

(salmon pink color) displays a strong absorption band near 465
nm, which presumably is due to the 3-d electron in Fe (III)
allowed ligand-metal charge transfer transition. Because of the
sensitivity of ligand field about a para-magnetic metal ion,
electron spin resonance (ESR) spectroscopy has proven par-
ticularly valuble in the study of the transferrins. In frozen
solution, Fe(III)-Tf displays two signals. A strong resonance
occurs at a ¢ value of 4.3 (1,500G). The associated weaker signal
downfield at g around 95 (700 G) is found for many nonheme
iron protiens and iron chelates having high spin Fe*® lin a
rhombic crystal field enviroment. The detailed feature in the
g=4.3 region of Fig. 2 are unique to transferrin. Uncomplexed
Fe(IIT) at physiological pH exists as polymeric hydroxide which
is difficult to detect by ESR. ESR studies employing other
metal ions to probe for differences in the sites of transferrin
have met with various success.@®

The two sites of iron binding to transferrin are equivalent
kinetically or spectroscopically certaintly endowed with great
challenge in protein chemistry. But most important, and hence
most studied, is th2 rolz of szrium transfarrin in tha transport
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Fig, 2, Characteristic frozen (77K) solution X.band
ESR spectrum of 0.5 mM diferric transferrin
in 00IM NaHCO,; pH 85. (Coordination
Chemistry Reviews, 22,9 [1977))

of iron among sites of absorption, storage, utilization and
excretion. Transferrin, a true carrier molecule, has no known
enzymatic function of its own and is conserved for many cycles
of iron transport in its interaction with target tissues. Its
function as a source of haem synthesis by erythroid cell can
not be replaced by synthetic iron chelators. The accessibility
of the reticulocyte in the pheripheral circulation has made it
the model for most studies of transferrin-cell interactions in
which protien functions as an iron donor. In this paper, the
interaction between Ferritin; a storage site, transferrin; a
transport molecule and reticulocyte; target tissue for haem
synthesis will be the theme of presentation.

HAEMGLOBIN AND HAEM IN RETICULOCYTE

Formation of blood cells occurs principally in the bone
marrow of the axial skeleton, ribs, and sternum. In early stages
of devolopment, the immature cell contains a large nucleus,
maturation proceeds by cell division and differentiation. During
the process the nucleus becomes progressively smaller. At
this time of their entry into the circulation, newly formed
erythrocytes do not have a nucleus but usually do contain
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mitochondria and ribosomes. When appropriately stained, a
reticulum composed of RNA is seen within these young cells
(reticulocyte). They constitute about 1% of the red cells of
a normal person. Mature red blood cell lack of mitoendria and
RNA, therefore is incapable of protein synthesis.

Among all three blood proteins mentioned in this paper,
haemglobin (Hb) structure is the only one that has been deter-
mined by high resolution (2.8 Angstroms) 3-dimensional X-ray.
It’s deoxy and liganded tertiary structure forms are similar
but the quaternary structure of deoxy Hb differs from that of
liganded Hb. It has been shown that co-operativity is associated
with the quaternary structure change that takes place during
ligation. [for a review article see®?], With the aid of X-ray
results and because of its important role as an oxygen carrier,
extensive studies on this protein have been done.®®

Haemglobin is a tetramer of four chains «; B8: with a
molecular weight about 64 K. Each subunit has a haem group
(Fig. 3) located in a pocket formed by the folded protein. The
iron (III) in the haem group possess a octahedron crystal field
configuration. Five nitrogen atoms (four from prophyrin and
one from histidine) attached to iron (III) and the sixth ligand
position normally being occupied by oxygen atom which is from
either oxygen molecule or monocarboxide. Cyanide ion (CN-)
possesses even higher affinity to iron in prophyrin than the
oxygen molecule and hence is a very toxic substance. Haem is
synthesized in mitocondria and cytoplasm but the uptake of
iron (IT) to form heme is achieved in mitocondria. How and

Fig, 3. The Haem group.
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where the iron ion releases from its carrier transferrin to haem
is still uncertain. Since 1964 Katz and Jandl9® assumed that
iron was removed from transferrin at the surface of erythroid
cell, cytoplasmic carriers exist which obtain iron from Tf and
donate it to the site of haem synthesis. In 1969, Morgan and
Appleton®® provided evidence that the transferrin molecules
enter the interior of erythoid cell and this internalization
idea obtained great support. In 1972, Shulman and Martinez-
Medellin®® thought it is possible that transferrin transports
iron to the mitochondria without the intermediacy of another
intracellular carrier. At any rate, during the past decade, the
intracellular transport of iron from the plasma membrane to
the mitochondria still reveals many gaps in our understanding
and controversy exists at all stages in the process. In this
paper, I will introduce double-incubation method of Fe,Tf and
present some results of the study of transferrin interaction
with reticulocyte in order to reveal the mission of iron transprot
for haem synthesis.

EXPERIMENT

Physical Measurement Methods The magnetic resonance
techniques involved in the Fe,-Tf-ATP study made use of the
E-4 ESR spectrometer. P NMR were done on a JOEL-100 and
a NIC-300 FTNMR spectrometer. The isotope counting was
done on a Beckman LS-230 Liquid Scintillation counter. We
then used the PDP 8 Focal Program to carry out the data
analysis obtained from the scintillation counter.

Human Transferrin (electrophoretic purity 98-99%) was
bought from Behring Diagnostics and further purification was
done by dissolving 1 gram of Tf in 50ml glass distilled water.
Dialysis three times in 0.1 M citrate; acetate mixture (1:1) at
pH 45, followed up 3 times dialysis against H,O. Then dialysis
against 0.1 M sodium perchlorate and three times water to
remove perchlorate anion binding with transferrin Most of the
time the dialysis bag was attached on a rotary, stirred and left
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in refergerator (4C) for 3to4 hours for each change of dialysis
solution. If a rotary dialyzer is not used, then 8 to 12 hours of
each dialyzing is needed. The concentration of Tf is determined
by As:s measurement and Fe, Tf was prepared by putting Tf
in a test tube, then adjusting pH values higher than 7.5 with
bicarbonate. FeCl; was then added to Tf with an amount of
two equevalent weights. Bicarbonate was then used to bring
up the pH value to 7-8. This solution by now is 90% saturated
transferrin, after dialysing against salin buffer overnight, the
Fe, Tf is ready for use. For the tracing study, then the
coresponding hot iron isotope *Fe or #Fe is used for making
Fe: Tf (half life for ¥Fe is 49 days and %Fe is 2.5 years).

Preparation of Reticulocyte Cell is achieved by injecting
067 APH (1-Acetyl-2-Phenydrazine) 0.9% NaCl solution in rabbit
for two days and 1.2% APH 09% NaCl for another two days.
Then wait for two days before bleeding. At the moment of
bleeding, xylene was first used to rub the rabbit ear and irritate
the artery. Then a disposable hypodermeric needle (20G sterile)
was pierced into the artery and fresh blood ejected out like a
stream. Blood was collected in a 60ml plastic bottle with
HEPARIN (1ml/30ml blood) To prevent blood clotering, HEPARIN
was made by (1 mg/ml) dissolving in dithizone extracted salin
buffer (0.13M NaCl, 0.005 M KCI, 0.0074 M MgCl,, 001 M Hepes,
pH=74). The collected blood was stored at 0°C until use (within
one day). In order to have RBC only, blood was washed with
phosphate salin buffer (0.005M NasPO, 015M NaCl pH=74).
The ratio of salin buffer vs. red blood cell is around four to
one by volume to assure efficient washing. After centrifuge,
we sucked out the supernatant and buffy coat with an aspirator.
The procedure was repeated four times in a cold room and was
then ready for incubation.

To packed cells, cold salin buffer was added to make 50%
hematocraft. Then 1mg/ml glucose and 3201 $Fe, Tf (1.34 u#g)
in 1ml of RBC was added and then incubated at 37°C for 30 min.
Continuous shaking was done by putting the incubation sink on
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a shaker. Then the cells weve washed again 4 times in a cold
room. Afterward 80zl (1.38 #g) of *Fe, Tf and glucose were
added, then incubated at 37C. The first aliquot (1/2ml) was
taken out after a few min of incubation and the second aliquot
(1/2ml) was again removed after another interval of time. This
was repeated at several intervals to pace out the time devel-
opment of iron distribution and transport in the reticulocyte.
The aliquot RBC was washed with phosphate salin buffer 4
times and lysed with 15 mmos (2ml) phosphate buffer and
allowed to stand for 30 min. Constant stirring was done to
assure good lysing. It was centrifuged (Sorvall Superspeed
RC-2B centrifuge, Rotor model ss-34 #=4. 25", and 10K r.e m.
speed was used) at 0°C for 30 min. and the supernatant trans-
ferred to a tube and put 1.5ml on ACA 44 column with a flow
rate of 8 sec./drop. A calibration run was done to obtain an
elution profile before hand and known that three peaks were
observed on the O.D. (280nm) vs tube number plot. The buffer
used in this elution was HEPES (0.1 M KC], 0.01 M HEPES, pH=
75) on a ACA 44 ultragel column. The elution profile was
confirmed by comparing with Morgan’s work¥®, i e. the first
peak is ferritin and the second peak is hemoglobin. A small
peak/shoulder before hemoglobin was assumed to be transferrin.
The last p=2ak is a low molecular weight unknown compound.
After fractional collection was done on the elution, a Beckman
LS-230 Liquid Scintillation counter was used to obtain the hot
iron distribution profile This is based on the assumption we
made that the first peak is ferritin (colorless) and the second
peak hemoglobin (red) and low molecular peak (colorless).
With different molecular weight of protien and color, we were
forced to treat the first two peaks differently (The third peak
was ignored due to its low level count). A blank sample was
prepared corespondingly to each method of treatment.

The ferritin peak portion was treated with conc. (12M) HCI
(100 z1 per 800 ¢l of ferritin solution) and allowed to stand more
than 3 hours to dagradz th= protzin. Wa th2n add=1 100zl
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20 mM EDTA, 300 »1 saturated NaAc and 10 ml aqusol. Then put
this ferritin sample along with a blank scintillation counting
vial for measurement.

The second peak hemolysate 1 ml is treated with 0.2ml of
clorox (5.25% NaOCI) and was allowed to stand for one hour at
room temperature. The red color faded. A freshly prepared
0.2ml of ascorbic acid solution (120g/l) was added to reduce
unreacted clorox. Then 10 ml of aqusol was added and a count
made of the sample along with a blank in liquid scintillation
counter.

In this series of counting, the quenching problem had to
be considered and calibration was done by comparing a pair of
YFe and Fe hemolysate samples. The factor of this quenching
calibration was used for later samples. Elution profiles of two
incubations, both the O.D. and counting results are displayed
in Fig. 4. The average recovery of Fe*® in each step is around
70-78%. Counts were also taken after throughly washing the
cell and before adding %Fe. The uptake of *Fe thus calculated
is about 0.14 nmol of iron/mg of protein/30 min.

After all the counts were obtained from the scintillation
counter, a PDP 8 Focal program was used to solve the following
simultaneous equations.

Channel A=a;(*Fe)+a.(*Fe)
Channel B=b;(5Fe) +bi(*Fe)

and the ratio of%Fe and %Fe were obtained.

CONCLUSION

This experiment has been repeated three times, and all
indicate that regardless of the incubation time interval, The
counting ratio at Hb peak for *Fe/®Fe is around 20 to 1. The
counting elution profile for *Fe is not shown in Fig. 4 mainly
because it’s low level of counting. The uptake of %Fe by
ferritin at its maximal counting is just bearly above the
backgraound reading. The consistancy of the ®Fe and %Fe ratio
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for all incubation intervals may indicate the equivalency in iron
donating ability for A and B sites of transferrin. Comparing the
(a)and (d) elution profiles of Fig. 4, the results indicate at the
shorter incubation time, 40 min., the counting ratio (1:52) at the
maximal point for ferritin (Fn) to hemoglobin (Hb) is higher
than its for 50 min. (1:46) incubation. Another striking different
feature observed in this comparison is (a) has a small hump/
shoulder right after Hb peak yet there is no sign of Tf. For
(b) the small hump after Hb peak disappears and a Tf peak is
seen before the Hb peak. All these facts confirm the previous
reported result, such as internalization of Tf to thas reticulocyte.
Cytoplasmic intermedia chelator may exist and its binding
ability to iron may be equal or better then Tf. Ferritin may
serve as only an storage site instzad of also being an interme-
diacy of iron transport to mitochondria. In this work we added
glucose during incubation without added extra ATP because
we found by ESR and ¥P NMR study that ATP will not attack
Fe(III) directly in Tf. at pH=749". Comparing with the iron
uptake study reported by Konopka and Turska®®, they found
*Fe uptake of *Fe-transferrin by rat mitochondria membrane
pellet of approximately 0.2 nmol iron/mg protein/30 min at pH
74, 2mmol/1 ATP and 37C The uptake proceeded linearly for
45-60min and about 55% of *Fe was recovered in the inner
membrane. From our study and the results contributed by
Konopka’s group, no conclusive physiological significance can
be drawn at this moment. Itis known that ATP does influence
the iron uptake in the cell, then if ATP does not directly attach
to iron, how does ATP helped iron release from transferrin?
Is it possible that ATP interacts with transferrin and produces
local microenviromental pH fluctuations which change the
conformation of transferrin and make Fe(IIl) more exposed to
the outer enviroment for reducing to Fe(II) and hence expelled
by tranéferrin? In this double incubated work we showed that
human transferrin interacts with rabbit reticulocyte and may
parform a kinetically equivalent iron donation. . For the iron
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transport pathway in the cell, it seems some other complimen-
tary technique is needed to gain unequivocal evidence.
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Fig. 1. Effect of the extraction temperature on the extraction
rate of pectin from sycone of Akeotsang.
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Table 1. Effect of extraction temperature on the
methoxyl content of pectin®* from sycone
of Awkeotsang

Extraction Time (min)

g 0| 2 30 60
Methoxyl Content (%)
25 11.28 11,23 11.18 11,14
40 11.37 11.32 11,23 11.24
60 11.35 11.33 11.35 11.24
80 11,40 11.39 11.38 11,37

% Pectin was extracted with 75 times weight of distilled water,
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Fig. 2. Fffect of water dose on the extraction rate of pectin
from sycone of Akeotsang.

Table 2. Effect of water dose on the methoxyl content
of pectin* from sycone of Awkeotsang

Extraction Time (min)

Water dose
(w/w) 10 20 30 60

Methoxyl Content (45)

10 11.42 11.34 11.28 11.08
25 11.45 11.20 11.24 11,12
50 11.39 11.22 11.20 11.07
75 11,28 11.23 11,18 11.14
100 11.36 11.31 11.18 —

* Pectin was extracted at room temperature,
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Studies on the Preparation of Low
Methoxyl Pectin Powder from the
Sycone of Awkeotsang

HsUEH-ERR CHEN

Graduate Institute of Nutrition and Food Science

ABSTRACT

The Sycone of Awkeotsang (Ficus Awkeotsang Makino)
contains high concentrations of methoxyl pectin (HMP) and
high activity pectin esterase. The extracted pectin from the
blanched sycone belongs to HMP. The factors which affect
the extraction of the HMP from the sycone of Awkeotsang are
the extraction temperature, the water dose and the length of
extraction time. The best condition for the extraction of HMP
was to use water in a 75 to 1 ratio at room temperature. After
ten minutes the extraction rate reached 8282% of the total
pectin. The blanching treatment affects the extraction rate
and the methoxyl content of HMP.

By using the internal pectin esterase of sycone, the HMP
can be converted to low methoxyl pectin (LMP) through the
demethylation reaction. The most appropriate extraction
solvent was 0.02M trisodium citrate. The extraction rate and
the methoxyl content of LMP and the pH of the extracted
solution were affected by the length of the extraction time.
As the reaction continued for two hours, the methoxyl content
decreased to 4.5%. The result obtained from the gelling test with
a solution containing 0.4% extracted LMP (5.06% of methoxyl
content), 0.15 adipic acid and 40 ppm Ca** is very similar to
that of the sycone gel on the market.



49
AR AR AT T AT RZAR

BTN
K 4 7

1 =

AWFZELIZEL ~ 221 ~ e 3,804 FIRAISHISEEI S » SRFIEIAS X 2
e E e R T AR A A DR et ~ AR ~ BT AR ERERE B FIERDE
3 RTTAIE AC R AT OTEE: ~ RREE ~ R TESTEREDE » (RIS ~ JRCREE
A 5 SRR O ~ RERE ~ MRTLITES IERE LA R B RANER 5
RS TR AT OTER ~ DEFE ~ BEE (TS IERAYE 2R R R B S A
CRETTGNEE ~ REEE ~ RERISIEREM 22T o
AR AIE I ~ TR ECRPR TERMSHT ~ BRTERES
?;E R ERE R ~ ST BN TRAGHT ~ SBTH s - MR
LR TR A R AL » BV H AT R R B TS IEREYERIRT o
2. RIRHIIR Z B TRED NS ~ REEE ~ REETASIENENE ~ (EAII ~ iR
BEf 7R o

3. Hp i A TR RS ~ BRI ~ IR IS IEMEYEAT R IEAR I o

4 FRIRESEERATR AT NS ~ RREE « BWETBIHE ~ (B HRRH
o

5. RRHEFIZE A TR MR B s L o (e ol gl B O I
TEERIZR o BEE A FSIEREREC I I S A IR PR » R I

FiZo

B#

BE# £ EHAEMRS » EREERE S EENEERENES A BmEE
FHA FT IR B i RS FR R R I DT B TR Y B 7 R A B Ay I )
FRER AR B > U HAR A0 AP B R T v B R R TR R R PR AR AR
EIR A » FHS R AR A RIVIFEHR SR E AT R AR o

BR3E £ SeERR FEAR A LTS TosRolf » MR ERRBILBANEN » &
HEUREESNBREA - TSERE » KELUMERE » IS BRANRERER
o Rk R TERTERER M SRR RANBRARAES » BT
FR B\ SR R A R FORE RS, ~ R 0B GE B T R ILBRE o

NERtEr B E RS EAERR » 475% NE ENREREES » Rt
FRERERESEAT SER » AT RSZRSICEFI AR » MRET MR
WBHOTR » WRTBOHPFRERTBENRE » ANGEERLAERAR



50 i R TR 2 e

R AT R B R e T B E » R (R70) 75 BAEA TS L
b~ Zerb ~ TR R AR DL ~ Bvh ~ R R B PR » PR R
AT :

— ~ TREN TR R oR R AN ~ EETRE R (TR M TEREME o

T~ R ~ Eih s ISR R TR TR R ~ BB ~ IR TR IERE
P SRR R R EE o

= TIRE S LS SR S I T B ©

U ~ FREEIADTH R 2 oA L nish ~ FEREBLRE R 17 R 6Y4ER o

7~ RN BT A o P ATE AR T B S BEEA & ~ ittt
Rz SR PR A AR, ~ RBEE ~ R 178 IEREME DR GE MZA ZAHR ©

7~ PRET R TR St AR FL R ~ REEE ~ ERUT R EREIEILE AR L
EERHE -

£~ PR BAE R E MZE N A RAR BB RITR N2
# o

R-H\RAZE

— HRER
APFICER e » REEE ~ BErh ~ ST HEER ~ B ~ B A
—H o A E AT —IE » FIR B A B ARG AR P R EARERAF LI
» JEEH 450064 0 SEMRIKE 40184 » BIER 89.3% » RARIRE TS
FAH R4 3,804 S0 RNz 94624 ©
Z-HARTERSR
APFTEIR D A IA il e2ert > RN T AREERS 1/ ER S
HERE SR 2 0 EAREERR 3 A HR AR TS EERER 4w AER
DURAE SR 5 EAAEARRTER o
B2 RAN R RE SN » Bl AR ERETREARE
FERTR » ETHABERESUE R G EAHT » THRZR IR » FETERE
M » BUBRIESRIERE I ER i RAIRE L -
=E~EREE
AEEERWER 2 8 Toif AR F 559051 it & B 8RR 2 BN
3, (Statistical Package for the Social Science fif#&5 SPSS*) BT
FIETTERL AT LIE o RPFERA MR el 2Rk E 4 KEEAEH
W B LWE ST ~ BEOW -~ ERERERTERNM S RER B
P R BT KT AR R 1 BT



51

£ B @B

b

RN S S vat 2R AR

# 1l
wou
sy
ar
..w._u d
oW
@ oAl
1
£
R
[T
e
%
It
E'H

LU0 | g ds

ZUGRY 0w

KEEE

LI A

W&

IEEE:

Y om |

IE
e v ug
[ R A R

1

< BT
ol W RHRR o T4
bt s adMECEEE
{4740 s o .
HoYZ Tggay gy | | T W
B AT g e | | WRWTR
2% iR A W | | wgR | | Ry
I~
L i
1
B 7 It By 2
Bt i % By HE 7
3% | 3 ¥ L5 [ = bia . e
Sla e % & el w| | by
& % i % i TH zeumm) e y
) ol T &2 % W i [ s (] g i
KA W D : , W || cowmme || | A
u 3|masz; 2 =
F 24 Ky o
| sk i—m 7 nt
) .._n 0| i i
% g i
2R il
[ ]
R
Bl sk




52 TSR ENRI TR 2

#F1. HRERBZOH R

B .

K3
o
=
s
=V
te
A
~
|
=

FRNEE AT [
KRR
5

%
g
&

LEHI' fr;’fﬂ 5{}'11
i 2 72

: SERH Y128
g

rhﬁi ST
o (RHL T’{ff Jig |3R150

i

i)

£

H%Eﬂﬁ

(DP)>0
i s k(

CR)>3 [=0.9.5
HH

EEJ““F’#

POZEds © AT HISTES ~ 5 By
ﬁ}% %ﬁ Htﬁé{} ?Tﬁ’rﬁlﬁ
A

E%%ﬂ}ﬁ LA R

(EFIEIN | RE R EERER

BEAREFTAESEN

PE
b >

£ BRAMNR

REPIEE N APFREMBHRNOT ¢
— ~ AR LN TR AR ~ RBEE ~ IR ITR RS R R 2 W
HHHELDHEZABE ST K BEHRRBER T BERFEEARE

FEME R o
2. FHELRBAERAE B S BRSSO E
— ﬁ:m } e | Z[ﬂjﬁﬁ
Y ZE? i
m%\\?/\ﬁ I%{[E% WO | EEs e
&y s | 3,804 | 58.38 | 0.696 20 1 0.292
e BE| 3,804 | 57.82 | 6.7 90 5 3.21
RESTITISIEMEM: | 3,804 | 58.94 | 1.374 75 5 3.929
STFRME (Zdl ~ b~ ) BB e R~ BE N EEFETE
BEM: ~ ERARE - HIBREZ 2R IS ENT :
B F AR
HESHRETREL b B BR LA AN ASE R Y2

Ho



g8 £ 2 B 53

3. TRAHEGLE BEELMR | 2 HERTRERNSITHER

| |
oW | A B ‘ g | B BARATE| FEE MURETE G 5 F M
|

|
Ak | 1,358  5.87 1.4712 3 2 6.1830 3.0015 1.4301

Bz 1,226 5.86) 1.4424| 1l W 3801 8165.4707| 2.1482
C e 1,223 5.78/ 1.4826| 2 §& 3803 8171.6538

ERe TR R REEE
f3 4 RIS A SRR HUR RS L R R A ZEr PR ERD A AR
PR A 785 HE SR o (R B L R B PR e A D TR SR BE R R LR 22 o

Fd. TRHEBELZTE [ SEHRAEE | 2 BETRRNOITHEESR

I | [ZEA

O | AR A 'ﬁ%ﬁ%éﬁél@i‘im{Hii{ﬂ'*é‘ﬁit%%%ﬁjﬁni ¥ % | F i %zwt
L

Azzdk | 1,358 58.0686/5.9507 % 1 2l 484.001

BaEdi | 1,226 58.0636/5.8693| §L [y | 3801/ 133283.7166
CisHE | 1,223 57.30255.9415) 2 §& | 3803 133767.7277

242.0055| 6.9015*
35.0654 A>C
B>C

* P<0,01

ER TR AR T RIEREE
B 5 AL ~ e ~ S RHER N TR B E TR IERE A B

£ o

#£5 TRNEREL DREESBRTRIRERE | “HRT
BRYATIRER

oW A B TR | B (ﬁﬁiﬂ@)f? Bl MRaesrifn 3 5 | F M

At | 1,355 58.0018] s.4241' @y 2 41.6444| 20.8227| 0.2653
Buzf | 1,226 58.8499] 9.0883 fi [l 3801| 298342.9453 78,4906
CEshe | 1,223 59,0065 9.0945 2 §& 3803

(e BRA R BE IR
B1% 6 O] R EErhid o ok A S 8 SRR IS MR A § ZEHUIR R MY BE SRR
TR R » (BRAREFFLAREBREER o



i TR TR AR T =g

#6. TAMEGFL [ SHELENER | CRRTRRESTRER

:!,ﬁ:%“ji
oW | A | AEEE @iﬁi’@ﬁfmﬁ HEEEE!H%%JP%W ¥ H|F A %ﬁ%’f&i‘h
L

Azl | 1,355 11.31002.6222| 1 74 2 281.1716|140.5858/18.9201%
Bzzp | 1,226] 11.1166/2.8817) fiL i | 3801 28153.9921 7.4070 A>C
Crife | 1,223] 11.0392(2.6639) 4§ | 3803 28435.1638 B>C
* P<0.001
ENR TR AR RTR L :

3R T R RIS R R R W ETR S A 0 HAE N
(Zed~Zede) 5 (EEE~ Mg ) SREG IR ANMEREIRETRELE -

R7. TRMEGELZ [ SHELMERE | ZBERFRANSTRER

gos it =i BERR
FIEEEMBLZE ) 3 5 | F i ?’[ﬂb
7

oW | AHL| AR ﬁi&iﬁﬂﬂ@dfﬁ

AZp | 1,355 12,955001.9560, §1 79 2 38.2795| 19.1393| 4.4881*
Bagrfr | 1,226) 13.1036(2.1916] %1 Al | 3801 16209.4816| 4.2645 B>C
C &ift | 1,223 12.85532.0520) 2 B | 3803 16247.7610

* P <0.05

E~NEHRASERRNERRR

RS A DERRR S » HARRBRET IR § BB AR Bl
3 HR R ~ 3k » SbRIEFES A TERDL 100~800 &K% 5 BEH
W REEMERET R ~ BB E N~ B ~ BFHAE » MRRTEEN
REFa ~ b AHERT ~ (% ; WO BME AR LIS EEIERE TR S » HRIB
HEE ~ W AUKE KR T ) IAFM LR ANRERERR % § W oR & 0
BREZLHAEHEEE MRWE  BERAR 5 40 » WEENER MNEETY
137018 3.579 » LRBHORHE » FRRHENSR 3402 ; MREERABER )
12 > F R BIRR R TR A 0 R b 47.926 0 AR E TR 54528 0 T
JKEED 28.926 » WA 23.1% s THEERARBHHELTHESIR 4H
AR THREI R E 2 LR EUKE S 18.327 ) HEESL 11.220 1 BB
o 18875 » W OiGHAL & i & 10.627 5 RRRIETEMEEER T B LIS BB B il
BROGHEERERE 53.7% » HRBEIERETR » aRAHH AR A0
EETE

MW~ Fs WS AR R AER TR RN 2FEEAYIERRN » BN



0]

(-

(93]
2]

R BAE SRR BHTRSMEERF  MRTANEERE  HRIRS

Fizs e

%8, EHEACHTR TN AR M AT R IR A MR RAERE

] ~
2 g it sk i i3 MBS IEREE
S P UHEEA
il i 1.0000
i i3 0.0949*% 1.0000
RS EREE 0.1143*% 0.1651% 1.0000
* P <0,001

T~ R SE S HR S A ~ ABEE ~ MERT R IR M SR GE IR Z AN
SR AR 9 BIaR » 7Esk b BRI 88 SO SR R, ~ RBEE ~ PR TR IR
ZARMRBCS IR » (00 Tl S AR S FISREE ~ W AR AR U R
% o ELOSNERRRIE S0 FUORR 2 AR » SUERMARPER K » FLDRERT -

%9, TRESHEIGEHR MR ~ BBE ~ R RIERENE

B {sE SRS 2 AH A
—— 5 Er— -
i @ | —0.0032 0.0370% 0.1300%%* | —0.0397%
GOpkRERRADYL | —0.0343% —0.0313 —0.0333 —0.0987***
& R® Kk A 0.0404* 0.0205 0.0729%** 0.0813%**
EE M H fE | —0.0409% —0.0066 —0.9409* —0.0656***
EoBe M fE 0.0248 0.0465%* 0.0563%+* 0.0265
a R TR M O e 0.0179 —0.0013 —0.0419% A
WO OB W | —0.0526%* | —0.0523** 0.0074 —0.0945%**
BT A R B & 0. 0805+ 0.1819%#* 0.0059%* 1.000
VoA i TR 0.0047+%* 0.2469%** | 0.1267*** 0.4103%**

# P<0,056 #*k P<0.01 #= P<0,001

CVER : FRAKEREN B R MR TR AN o ARSI RERE ~ BR
TR IEREYEA BEE IEAR 5 & SRR A AR B B o
Ao A R SRR AR T ~ IR T IS IEREME

EIRPHFAEFARY 8

—

FARES

AR S » SHAEA R MRRE - 6 RRFERIE o



56 AR MERTISZ e

ERFNA : £ 3 ERBFIATLA TR T8 ~ BER TR IR ~ 6155
KRR EAAM o (R B SRS SRR B AR TS 0 04 Bl B NS,
i MEE TR » B BRI o

LR I B RER RS A NS R B ~ RS
ICFEE ~ 8 BETRAT R CUIRY » BV R B R i ~ R R T RS IR I ~
8 FRRE R I I » (BHLA TR R AR B o

(ETLAL AL« BRIHS R EURTLIR M A7 S8 BRA AR ~ BEE 1775 IRl S
 (P<<0.01) MYIEHR » (BFHTER G M ~ 6 SRR EEFHEN » ENRHR M
& BN THRA REE R AR T BRI

WRPHEDERTH R A% © #REFRFPHEEE BT EY » BEALY
1% FIARB IR IERE o

(RFIR | AFERRAER AR DA OMT ~ RS « %
B o

VOIS THE R M AR @ YR BR8P SR SRl 3 S TR A S 0 A S R ~
REFEARRAT ~ BER TR RIETE o

7 RN R ~ REEE S IR TR IEREN: ~ TR EERE ) |
FEERMT

CRERERR R AR ZE L TR SRR LA A B R TS R B
FYE D KRBT BEE G SERNERRE ~ D IRA L ~ 185
B AR ~ UK FISEE o

OB TR B 2 B4 & TS 0T R D R re i S s Ay
7 AXREFREHERBRETRIERYE - B EKERERE - D HSEREE
I~ R BRAE R ARE ~ R ~ VAT TS AR N R AR IRE o

ER R dR B B 1T IE Rt 25 5 DUBRA B B ASRE B BLYEIT » kil
FAHLAZ » 0 RS EE B TRIE ~ W B SR ~ 22500 ~ 13 BRI EE MRS ~ %
SRR ISR ~ WK EE 1 SRR ~ 2RI o

PR TR B IR 2 SR LI B B MRS T » HkBe
PREE B ERRL ~ I B EEIN B IR IS ~ RHEC LAY ~ B P RS ~ RS
TBIN ~ IR R AR o

T~ TG R A A R e ~ FBEE ~ MR R TR IEREN: 2 2 B L
TN TR o S TR M 8 PO » RBRE LRI SR » (BTERER T
RIIERERE LI 08 BN 0 IZE » B s F S 0508 I o

B m
—~ BHTH LA



W B 57

CPrge s R TS 2 SRS PR Gk ~ IEEE ~ R T RIEMER BTN

» FENG IS B R BRABRF A S EGREE R o WARENRERS TR & T I R RSH ST
B o

CEREAETEE » RS MR AEBFERTTE 6 AT AR

ARER ) BURFEINER BA S SRS T B mEE BT A BRI -
DAFU S B A i LA T ©

= HEREZEE

OBFRBEEATIE G IR R ~ TE ~ S ~ BRI A AR
(R 7R [ PR R PR R o

EREr B AR T » RN S IR BRI o

(388 3% K AR AR T R BT R RIS RIS B R R 2 R o

()RR — B e SRR » AT AR 2R3 o

(REEMEREL B SR » TSR IR BRI A ©

=~ HREMFE AR

OBFFEEER « FEE R A ) U R B A B — R EIF L ER

UGB AR L R R RN TR ERYER ©

OFFRTE : ERETTIATR » EEAARE o
EBFERE « BINRAE R RIT R N E IS TR ~ A5 AR R ERE

FERAZLEE o
2 ¥ ¥ B

(1) M. Abdel- Chang, and R.D. Schrimpec, Food consumption expendit-
iures and Education of the homemaker, Home Economics Res. J. 6(4),
283-293 (1978).

(2) H.W.Berkman, and C. Gilson, Consumer behavior concepts and strategies,
(Kent Publishing Company, 1986).

(3) W.T. Boehm, and E. M. Bobb, Frozen Dessert & Specialities in the
American home, Dairy and Ice Cream Fild, p. 58A-58E (1976).

(4) H.G. Canoyer, For the consumer: What breakthroughs?, J. of Home
Economics 58(7), 523-52 7(1966).

(5) D. Dickins, Factors related to food preferences, J. of Home Economiics,
57(6), 427-430 (1965).

(6) J.F. Engel, R.D. Blackwell, and P.W. Miniard, Consumer Behavior.
(CBS Publishing Company, 1986).

(7) J.A. Howard, Consumer Behavior: Application of Theory (McGram-Hill
Book Company LTD, 1977).

(8) D.L. London, and A.J.D. Bitta, Consumer Behavior: Concepts and

Applications (Mc-Graw-Hill Company, 1984),



58

(9

(10)
(11)

(12)

(13)

(14)

(15)
(16)

bSO TG NN - Gy e

A.W. Papper, The relationship between fastfoods and Convience
foods-Definitious and development, J. of Consumer studies and Home
Economics 4. 249-255 (1980).

J. T, Plummer, The Concept and application of life style segmenta-
tion, J. of Marketing 38, 34 (1974).

Quick Frozen Foods Managine. Editor, Todays frozen food customer:
Frozen acclaimed by rich, poor alike, Quick Frozen Food, p. 24-26
(1974).

Quick Frozen Food Editors, How American lifestyles differ in
attitudes toward food fare, J. of Quick Krozen Foods, 48, 30-33 (1985).
R.B. Schafa, R. D. Rager, A. H. Gillespires, and C. E. Roderuck, Diet
quality of selected samples of women and socio-demographic and
social-psychological correlates, Home Economics Research J. 8(3), 190-
199 (1980).

M. A. Strober, C.B. Weinaerg, Strategies used by working and
nonworking wives to reduce time pressures, [J. of Marketing 6 (4),
338 (1980).

A. Venkatesh, Changing roles of woman-A life style analysis, J. of
Consumer Research T (2), 189-197 (1980).

C.G. Walter, Consumer Behavior: Theory and Practice (3rd. Homework.
III: Richard-Irwin, p. 8 (1978).



W e B B 59

Study of Women’s Consumption Behavior
of Frozen Food In Urban Areas

HUuANG SHAU-YEN

Department of Applied Life Science

ABSTRACT

This study was conducted using a questionnaire survey
with a sample of 3,804 women living in Taipei, Taichung and
Kaohsiung cities. The objectives of this study were to deter-
mine urban women’s knowledge, attitudes, and accuracy in
purchase and the present usage of frozen foods; the differen-
tiation of urban women’s frozen foods’ knowledge, attitudes,
accuracy in purchase, frequency of usage and degree of satis-
faction in different areas; the main factors that influence the
knowledge, attitude and accuracy in purchase of frozen food;
the correlations between different variables that influence the
knowledge, attitude, accuracy in purchase and frequency of
usage of frozen food; and the differentiation between different
consumer group’s knowledge, attitudes and accuracy of purchase
of frozen food.

The statistical methods used in this study were frequency,
repeated measure one way ANOVA, one way ANOVA, Pearson
Correlation, quick cluster analysis and ANCOVA. After
analysis of the data, we found that:

A. Urban women do not have an adequate knowledge of
frozen food, but are fairly good in their attitude and
accuracy in purchase of frozen food.

B. In different areas of Taiwan, women’s knowledge of
frozen foods, attitude, accuracy of buying hehavior,
frequency of use and degree of satisfaction are
different.

C. There existed positive correlations among urban women's
knowledge, attitude and accuracy in purchase of frozen
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food.

There existed apparent correlations between different
variables that influence the knowledge, attitude, accu-
racy in purchase and frequency of usage of frozen
food.

The attitude of different kinds of user groups toward
frozen food is very much the same, but the knowledge
of medium frequency groups about frozen food is better
than the lower frequency user. The medium frequency
user is also better than the lower frequency user in
terms of the correct buying behavior. The highest
frequency user of frozen food is also better than the
lowest frequency user.
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The Integration of Preschool Handicapped
and Non-handicapped Children

—The Case Study of Two Children—

SvueH-YU PAULINE SuU

Dept. of Applied Life Science

ABSTRACT

For the purpose of determining placement guidance to
integrate handicapped with non-handicapped children, one
mildly handicapped child and one moderately handicapped child
were placed in a normal preschool setting.

The Chinese Child Development Inventory, Revised Denver
Developmental Screening Test and the natural observation
method were used to evaluate the children’s growth and social
interaction.

After one year, results indicated an increasing develop-
mental rate for the mildly handicapped child but not for the
moderately handicapped child. Due to increasing disruptive
behavior, the moderately handicapped child was referred to a
special school.

It was concluded that the integrated plan has good edu-
cational effects on the child with a mild handicap and prosocial
behavior.
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The Teaching Evaluation in the College of
Science and Engineering

WeN-Hsiane HUANG

Dept. of Mathematics

Hrune-YAEN LIN

Dept, of Computer Science and Information Engineering

ABSTRACT

Teaching and learning are two parts of a dynamic process
through which teachers and students study together and
influence each other.

We have used scientific methods and techniques to collect
the opnions of students and the characteristics of the learning
of students. We have studied and analyzed the data. We hope
that the results of our research can give some valuable
suggestions to teachers to improve their teaching and the
learning of the students.
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Preconditioned Conjugate Gradient Algorithms
and Software for Solving Large
Sparse Linear Systems

DAvVID M. Youncg¥, KaNGg C. JEA,
and TSUN-ZEE MATI¥

Linear Algebra In Signals, Systems, and Control
edited by B. N. Datta et al, SIAM,
Philadelphia, 1988, P. 260-283,

The classical form of the conjugate gradient method (CG
method), developed by Hestenes and Stiefel, for solving the
linear system Au=b is applicable when the coefficient matrix
A is symmetric and positive definite (SPD). In this paper we
consider various alternative forms of the CG method as well
as generalizations to cases where A is not necessarily SPD.
This analysis includes the “preconditioned conjugate gradient
method” which is equivalent to conujgate gradient acceleration
of a basic iterative method corresponding to a preconditioned
system. Both the symmetrizable case and the nonsymmetrizable
case are considered. For the nonsymmetrizable case there are
very few useful theoretical results available. A package of
programs, known as ITPACK, has been developed as a tool for
carrying out experimental studies on various algorithms.
Preliminary conclusions based on experimental results are
given.

#* Center for Numerical Analysis, The University of Texus jat Austin,
Austin, Texus 78712
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Rhodium Catalyzed Reductive
Esterification Reactions

IvaN J. B. LIN, HAYDER A. ZAHALKA,¥
and HOWARD ALPER¥®

Tetrahedron Letters, Vol, 29, No, 15, pp 1759-1762, 1988

Reductive esterification occurs when unsaturated acids are
treated with hydrogen in alcohol using either rhodium trichlo-
ride or the dimer of chloro(l,5-hexadiene) rhodium(I) as the
catalyst. Saturated acids containing appropriate functional
groups are also esterified under the same conditions.

* Department of Chemistry, University of Ottawa, Ontario, Canada
KIN 9B4

Regio-and Sterecselective Synthesis of Substituted
2-(Phenylthio)-1,3-butadienes

SHANG-SHING P. CHOU, SHYH-YEON LIOU,
CHUNG-YING TsAI and AE-JUNE WANG

J. Org. Chem. 1987, 52, 4468-4471

Sulfur-substituted 1,3-butadienes are useful reagents in
organic synthesis. We now report two general methods for
the regio-and stereoselective synthesis of substituted 2-(phen-
ylthio)-1,3-butadienes 4 and 5. 3-(Phenylthio)-3-sulfolenes 2 can
be specifically alkylated at C5 under basic conditions. Extrusion
of sulfur dioxide by lithium aluminum hydride then gives the
dienes 4. On the other hand 2-substituted 3-sulfolenes 11 can be
converted to the 3-phenylthio derivatives 9, which upon heating
give the dienes 5.

Potassium Bifluoride-Catalyzed Group Transfer
Polymerization of Acrylates

SHANG-SHING P. CHOU and CHAO-WEN NIU

MRL bull. res, dev.,, Vol. 1, No, 2(1987)pp. (33-40)
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A convenient catalyst system-potassium bifluoride/18-crown-6
ether has been developed for the group transfer polymerization
of acrylates. Factors affecting polymerization such as moisture,
monomer concentration, the amount of potassium bifluoride
and crown ether, reaction time and temperature have also
been studied. Functional polymers can be prepared by using
special initiators, monomers and reactive end group techniques.
‘All these polymerizations proceed at room temperature with
high conversion and give polymers of narrow molecular weight
distributions.

Preparation of 2,3-Dihetero-Substituted 1,3-Dienes
from Brominated 2-Sulfolenes
TA-SHUE CHOU,* SHWU-JIUAN LEE#

MaN-L1I PENG,# DER-JEN SUN, and
SHANG-SHING PETER CHOU

J.Org. Chem. 1988, 53, 3027-3031
A general procedure for the preparation of 2,3-dihetero-
substituted 1,3-butadienes is described. These dienes are
obtained from the thermolysis of the corresponding 34-disubs-
tituted 3-sulfolenes, which can be prepared by nucleophilic
substitution reactions from 4-brominated 2-sulfolenes.

% Institute of Chemistry, Academia Sinica, Nankang, Taipei, Taiwan.
# Department of Chemistry, Providence College, Taichung, Taiwan.

On the Plistophora Infection in Eel

I. Histopathology, Ultrastructure, and Development of
Plistophora anguillarum in Eel, Anguilla japonica

WEN-HUEI T’suland CHUNG-HSIUNG WANG
Bull, Inst. Zool., Academia Sinica 27(3): 159-166 (1988)

The Micro-spora, Plistophora anguillarum was known to be
the causative agent of “beko” disease of Japanese eel, Anguilla
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japonica. This protozoa parasitized mainly in the skeletal muscle
of the eel. The infection of P. anguillarum caused the necrosis
of the muscle resulting the various degree of the body
curvature. Mainly, harm done to the eel was by mechanical
damage in early infections.

In addition to the histopathology, the ultrastructure and
the development of P. anguillarum were investigated with the
light and the electron microscopes. Several distinct develop-
mental stages of P. anguillarum observed in the infected muscle
were also described in present study.

Functional Morphology of Sex-pheromone
Glands in Female Moths

CHUNG-HSIUNG WANG

R. O. C. symposium on Insect Biochemistry
and Physiology 95-101 (1988)

It has been known for nearly four decades that sex phero-
mone plays an essential role in sexual behavior of insect,
especially in that of notuid moths, Sex pheromones are released
by female moths that effect the physioclogy and behavior of
male moths of the same species. A great deal of interest in
insect sex pheromones is not only because of their role in
insect physiology or behavior but also because of their potential
for use in pest control. Recently many successful instants
have shown that the synthetic sex phero-mones or relative
compounds are applied in the field with an excitable result
by so called sex-pheromone traps or disruption methods.

Using bioassay with male moths to determine the present
relative amount and optimal releasing condition of sex
pheromone have shown that (1) sex pheromones are pratically
existing in female moth; (2) pupae contain no detectable
pheromone, and (3) the pheromone content of the gland
increases considerably from eclosion to 2 days after eclosion,
reaches a maximum after 2 to 4 days, and declines in older
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insect (Jacobson, 1972). Furthermore the morphological studies
have revealed that the relative concentration of sex pheromones
in the moths of different age correlates with structural and
ultrastructual changes (Smithwick and Brady, 1971; Wang,
1987)

The sex-pheromone glands of only a very few species
among many thousands of Lepidoptera species have been
examined. The reviewed works on the anatomy and physiology
of the glands that produce sex pheromones in both male and
female Lepidoptera have been published in many books and
journals (Jacobson, 1972; Percy and Weatherston, 1971; Tamaki,
1985).

On the basic concept of functional morphology, we want
to discuss the relationship between morphological aspects and
some physiological phenomenons. We hope that this report
will facilitate furture studies on the physiology, biochemistry,
histochemistry and ultrastructure of sex-pheromone gland.

Spermatophore Formation in Spedoptera litura
Fabricius (Lepidoptera: Noctuidae).
Phylogeny, Structure and Reproductive
Functions of the Spermatophore

AmMALDOSS G.

R, O. C. symposium on Insect Biochemistry
and Physiology 113-129 (1988)

A Questionable Pronouncement on the Phylogeny
of the Spermatophore

The pronouncement that the spermatophore is a primitive
device in the phylogenetic evolution of animals when they
invaded the land from water is highly debatable. The
reasons that: (a) they did not develop copulatory organs in the
process of invasion from water to land and (b) that using
liquid semen is an advance over use of the spermatophore are
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not any more completely tenable. Why then, within the same
order and species, are there animals with differences? Sperm-
atophore and copulatory organs can and do coexist. Animals
in the same species may have or not have copulatory organs.
Will the giant octopus be able to expel 10-20 #] semen over a
distance of 2 meters without using a spermatophore? Though
it is a single case, it is reported that it is possible to change
over from using spermatophores to using liquid semen.
Grapholitha molesta, the oriental fruit moth, after using sperma-
tophores once, transfers liquid semen in subsequent matings
(George and Howard, 1968). As numerous reports are available
on the complexity of spermatophore usage, scientists are very
reluctant to accept the view that the spermatophore is a
primitive device in the phylogenetic evolution of animals when
they invade the land from water (Alexander, 1964; Gerber,
1970; Parker, 1978; Mann T, 1984). The truth about the use of
spermatophores by both aquatic and terrestrial animals as it is
known today reveals that the use of spermatophores is “more
directly related to the features of the habitat occupied than to the
phylogeny of the group concerned” (Clark, 1981; T. Mann, 1984).

BERBE KK E 2 H®
OHRTEERTRZEE
FALE®  FEMF BT
thiF 2L (Soc. Hort, Sci.) 34(1): 45-59, 1988

ST R O TR R AT & M A A S R IR H o AR M R
FEE R ST R 1% 52 425 nm T BT 0075 A R D 3 A O i I R e 2 4 I T4
» R SefE B a2 fal ERAEENHER (r=0.79) - M Tenax GC
s B B GC-MS $lifb B 85 1 E F R e AR BT e e iR B 1 0 5
307 » EigsE HHELE 3 5 ~ 54 (terpene) 3F ~HIH 17 R p-cymene 1
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SR (95%) Mo HEEFEREFBNERFBTT MRS o
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HEBERMEBEZHR

I 4£%%% hydroxycinnamic acid £7£#
C2EEREEEZEL

BROF K

Journal of the Chinese Agricultural Chemical Society,
March, 1988 Vol, 26, No. 1, pp. 69~80

AEHLREAT REHNEENERR  EEERRDAMBERED
At a#-—hydroxycinnamic acid #74: ¥R iR B #E RN AM
b & s mr il o EEERRE ~ WEMkAE hydroxycinnamoyl
tartaric acids Z&BEHEEBFWHZ BT RATMRD » FHEBERNZER
f/h o L HPLC B4 UV Jeilbfya i LB HS4 hydroxycinnamoyl
tartaric acids @5 cis, trans-caffeoyl tartaric acid: cis, trans-
para-coumaroyl tartaric acid % trans-feruloyl tartaric acid o 3
& trans-caffeoyl tartaric acid &&IEBAERT » WRRMAMERER
HYFEH o
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Convective Heat Processing of Turkey Roll: Effects
on Sensory Quality and Energy Usage

NaNcy E. BRoWN* and JONG-YU AporL CHYUAN,

Journal of The American Dietetic Association
Vol. 87 No. 11 November 1987
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Twenty-four frozen, raw, boneless, ready-to-cook turkey
rolls were cooked in an institutional electric convection oven
to an internal temperature of 77°C. Six treatment combinations
of three cooking temperatures (105C, 135C, and 165C) and two
holding conditions (not chilled and chilled for 24 hours) were
studied. Turkey rolls from each treatment combination were
subjected to three hot-holding times (0, 60, and 120 minutes).
Electrical energy usage was monitored during heat processing
of the turkey rolls, reheating the turkey slices, and hot holding
the turkey slices. Aroma, juicy mouthfeel, texture, flavor, and
flavor off-notes of the cooked turkey were evaluated by seven
judges using 150-mm unstructured line scales. Chew counts also
were recorded. Turkey cooked at 105C took significantly more
time to cook (331 vs. 227 and 203 minutes) but consumed signif-
icantly less energy (34 vs. 3.8 and 45 kWh) than turkey rolls
cooked at 135C and 165C, respectively. Significantly higher
juicy mouthfeel scores were obtained when the turkey roll was
cooked in the convection oven at an oven temperature of 105C,
the turkey was not chilled, and the slices were held hot for
60 minutes or less.

* Department of Hotel, Restaurant, and Institution Management, Iowa State
University, Ames

RAEHAEFILFHE M
5 =@ e A W (5E)
ThERERED —HAAER p. 95 M1

FLF 0 LA T s i i R 0 L e i R MRS T 'F‘@/\Fl’)%ﬂﬂ!ﬂ;ﬁrf
FiR o SEH ~ PRBEEAREL L B Hy o v R AR BESE BB EL VAN o DI T
B ERER AL o 70 AR S b R B G o ERrh B AL AR B IR
(B AL -—E SRR RV R R » SN — (R EAVER L o ST 0 38
MEEEARE ) TREEES HPBRALBRENERTECEWES

EEHTEIERATRE ¢ FLT B A E SR s (L MRS
1) EREZ R EERL B M%i@fﬁﬁiiiﬁﬁﬁlﬁﬁﬁifjéﬁdf AR AR
ARG S AR o SENTIRA B SR H FT I o Wi « £35(Thoams Berry)



98 Abstracts from Other Journals

o fib BRUEEL A AFMEHCIREN » RAENGB L » Aty EAURE MR MRS BAE 2 A
S HMEEBRE - HBEE

[ B TREMZ SIS E M I RS ERVET » TR ITAIE S M T
@B FECFATEEEWELRNERER » RS A EEZE - |

RS RAEELEALABERAMNEE (Creation-Centered
Spirituality) HEEN AT BRI » DU B TURPTIR M AATR o SEREN 25
—F 4 » ERERTE R AT AR AR o JEANTL T R R B A0 B ReER
T B AEGTE I » R AT 5 B R AR R AR B o RR A EINE
BRI B INAIE » SER ARG I I AR o A A SRR IR o
EHRR A DAL R BAERT A » B A R R MY o SEth R H B
BB LT e AR A o

Carbamate Insecticide Removal in Laundering
from Cotton and PolyesterFabrics

JAw Hua CHIAO-CHENG, BARBARA M. REAGAN,*
RANDALL R. BRESEE,* CLIFTON E. MELOAN, ¥
and AEBMED M. KAaDoUuM*

Arch. Environ. Contam. Toxicol, 17, 87-94 (1988)

Even though carbamate insecticides are becoming in-
creasingly important for insect control on field "crops, few
studies have focused on their removal from contaminated
textiles. Hence, this study evaluated the effectiveness of
selected laundering procedures in removing carbofuran and
methomyl insecticides from 100% cotton and 100% polyester
medium weight fabrics. After treating the fabric samples with
40% (w/w) aqueous solutions of Furadan® 4F Insecticide
(carbofuran) or Lannate® L Insecticide (methomyl), they were
air dried and laundered, using three detergents [All* (nonionic),
Tide® (anionic), and Wisk® (anionic and nonionic)] plus water
only at two temperatures (warm: 49C wash/40C rinse and
hot: 60C wash/40C rinse). The percentages of insecticide
residue remaining on the fabrics after laundering were analyzed
by high performance liquid chromatography (HPLC) with a
fluorescence detector, and bioassay tests with Drosophilia
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malanogaster Meigen were used to evaluate their relative
toxicity.

All of the laundering procedures, including the water only
wash, were effective in removing>99% of the carbamate in-
secticides from both the cotton and polyester fabrics. Among
the insecticide/fabric types evaluated, the highest percentages
of residue remaining were associated with the polyester fabrics
treated with methomyl. After 72 hr, fruit fly mortality occurred
on only the methomyl treated polyester laundered in warm
water. These findings support those reported in previous
studies on the ease with which carbamate contaminants are
removed from textiles, compared to other insecticidetypes.

# Department of Clothing, Textiles, and Interior Design, Kansas
Agricultural Experiment Station, Kansas State University, Manhattan,

Kansas 66506






