
American Oil Chemist's Society 

60th 

A NNUA L MEE TING 

PROGRAM 

APRIL 20-24, 1969 

San Francisco Hilton Hotel 

San Francisco, California 

I I  I 



M
O

N
D

A
Y

 M
O

R
N

IN
G

--
A

P
R

IL
 

21
 

10
:0

0 
A

.M
.-

-B
al

lr
oo

m
 

6 

S
E

S
S

IO
N

 A
B

S
O

A
P

S
 A

N
D

 D
ET

ER
G

EN
TS

 I 

C
ha

ir
m

an
--

I.
 

R
. 

S
ch

m
ol

ka
, 

W
ya

nd
ot

te
 

C
he

m
ic

a[
s,

 
W

ya
nd

of
fe

, 
M

ic
hi

ga
n 

1
0

:0
0

 
IN

TR
O

D
U

C
TO

R
Y

 R
E

M
A

R
K

S
 

10
:0

S 
I.

 N
E

W
 

B
U

IL
D

IN
G

 
H

A
R

D
 S

U
R

F
A

C
E

 C
LE

A
N

IN
G

 
P

R
O

B
LE

M
S

 
A

la
n 

W
. 

Le
ip

ni
fz

, 
E

co
no

m
ic

s 
La

bo
ra

to
ry

 
In

c.
 

10
:2

B 
2.

 D
E

TE
R

G
E

N
TS

--
H

A
R

D
 

W
A

T
E

R
 

IN
TE

R
A

C
TI

O
N

 
IN

 
M

A
C

H
IN

E
 D

IS
H

W
A

S
H

IN
G

 
R

ob
er

t 
F.

 V
an

ce
, G

en
er

al
 E

le
ct

ric
 C

om
pa

ny
 

10
:4

5 
3.

 A
N

A
LY

S
IS

 
O

F
 

D
A

TA
 

FR
O

M
 

D
E

TE
R

G
E

N
C

Y
 

TE
ST

S 
W

IT
H

 
A

 
N

A
TU

R
A

L 
S

O
IL

 
J.

 
R

. 
Tr

ow
br

ld
ge

, 
C

ol
ga

te
-P

al
m

ol
iv

e 
C

om
pa

ny
 

11
:0

5 
4.

 A
 

T
R

IP
LY

 L
A

B
E

LE
D

 P
A

R
TI

C
U

LA
TE

 S
O

IL
 

FO
R

 
D

E
TE

R
G

E
N

C
Y

 S
TU

D
IE

S
 

B.
 E

. G
or

do
n 

an
d 

W
. 

T.
 S

he
bs

, S
he

ll 
D

ev
el

op
m

en
t 

C
om

pa
ny

 
I 1

:2
5 

S.
 S

TA
IN

S
--

FA
B

R
IC

S
~D

E
TE

R
G

E
N

TS
 

B.
 W

. 
T

er
ry

 a
nd

 W
. 

L.
 G

ro
ve

s,
 C

on
tin

en
ta

l 
O

il 
C

om
pa

ny
 

M
O

N
D

A
Y

 
M

O
R

N
IN

G
m

A
P

R
IL

 
21

 
10

:0
0 

A
.M

.-
-B

al
lr

oo
m

 
7 

an
d 

8 

S
E

S
S

IO
N

 B
--

B
IO

C
H

E
M

IC
A

L 
I 

C
ha

lrm
an

--
Ja

m
es

 F
. 

M
e

a
d

, U
n
iv

e
rs

i~
 o

f 
C

al
ifo

rn
ia

, 
Lo

s 
A

ng
el

es
, 

C
al

if.
 

1
0

:0
0

 
IN

TR
O

D
U

C
TI

O
N

 
10

:1
0 

6.
 C

R
IT

IC
A

L 
M

IC
E

LL
E

 C
O

N
C

E
N

TR
A

TI
O

N
 

(C
M

C
) 

O
F

 
D

IH
Y

D
R

O
X

Y
 

A
N

D
 

TR
IH

Y
D

R
O

X
Y

 
B

IL
E

 
S

A
LT

S
---

E
FF

E
C

TS
 O

F
 C

O
U

N
TE

R
IO

N
 A

N
D

 T
E

M
, 

PE
R

AT
U

R
E 

M
ar

tin
 

C
. 

C
ar

ey
 

an
d 

D
on

al
d 

M
. 

S
m

al
l, 

B
os

to
n 

U
ni

ve
rs

i~
 

S
ch

oo
l o

f 
M

ed
ic

in
e 

10
:3

0 
7.

 R
A

T 
LI

V
E

R
 L

IP
ID

S
: 

M
E

TA
B

O
LI

C
 

R
E

LA
TI

O
N

- 
S

H
IP

S
 D

E
R

IV
E

D
 F

R
O

M
 S

TR
U

C
TU

R
A

L 
A

N
A

LY
- 

SE
S 

O
F 

N
E

U
T

R
A

L 
G

LY
C

E
R

ID
E

S
 A

N
D

 
P

H
O

S
- 

P
H

O
G

LY
C

E
R

ID
E

S
 

R
an

da
ll 

W
oo

d 
an

d 
R

. 
D

. 
H

ar
lo

w
, 

O
ak

 
R

id
ge

 
A

ss
oc

ia
te

d 
U

ni
ve

rs
iti

es
 

10
:5

0 
g.

 T
U

M
O

R
 

LI
P

ID
S

: 
M

E
T

A
B

O
LI

C
 R

E
LA

TI
O

N
S

H
IP

S
 

D
E

R
IV

E
D

 F
R

O
M

 
S

TR
U

C
TU

R
A

L 
A

N
A

LY
S

E
S

 O
F 

A
C

C
L,

 A
LK

Y
L 

A
N

D
 A

LK
-I-

E
N

Y
L 

M
O

IE
TI

E
S

 O
F

 
N

E
U

TR
A

L 
G

LY
C

E
R

ID
E

S
 A

N
D

 
P

H
O

S
P

H
O

G
LY

C
- 

ER
ID

ES
 

R
an

da
ll 

W
oo

d 
an

d 
F

re
d 

S
ny

de
r,

 O
ak

 
R

id
ge

 
A

ss
oc

ia
te

d 
U

ni
ve

rs
iti

es
 

I1
:1

0 
9.

 M
E

TA
B

O
LI

S
M

 O
F

 L
O

N
G

 C
H

A
IN

 F
A

TT
Y

 A
LC

O
- 

H
O

LS
: 

FO
R

M
A

TI
O

N
 

O
F

 W
A

X
E

S
 A

N
D

 
G

LY
C

- 
E

R
Y

L 
E

TH
E

R
S

 
Fr

ed
 S

ny
de

r, 
B

oy
d 

M
al

on
e 

an
d 

Ja
m

es
 S

oo
ds

m
a,

 
O

ak
 R

id
ge

 A
ss

oc
ia

te
d 

U
ni

ve
rs

iti
es

 

M
O

N
D

A
Y

 
M

O
R

N
IN

G
--

A
P

R
IL

 
21

 
10

:0
0 

A
.M

.-
-B

al
lro

om
 3

 

S
E

S
S

IO
N

 C
~

C
H

E
M

O
T

A
X

O
N

O
M

Y
 

I 
C

ha
irm

an
--

Iv
an

 
A

. 
W

ol
ff,

 
N

or
th

er
n 

R
eg

io
na

l 
R

es
ea

rc
h 

La
bo

ra
to

ry
, 

U
S

D
A

, P
eo

ria
, I

II.
 

1
0

:0
0

 
IN

TR
O

D
U

C
TI

O
N

 
B

Y
 C

H
A

IR
M

A
N

 
10

:1
0 

10
. S

E
E

D
 L

IP
ID

S
 A

N
D

 C
H

E
M

O
T

A
X

O
N

O
M

Y
 

A
rt

hu
r 

S
. 

B
ar

cJ
ay

 e
nd

 
Q

u
e

n
tin

 J
on

es
, 

C
ro

ps
 

R
es

ea
rc

h 
D

iv
is

io
n,

 U
S

D
A

, I
va

n
 A

. 
W

o
lff

 
10

:4
0 

II
. 

T
A

X
O

N
O

M
IC

 P
A

TT
E

R
N

S
 IN

 
TH

E
 

LI
P

ID
S

 O
F

 
P

H
O

TO
S

Y
N

TH
E

TI
C

 T
IS

S
U

E
 

B.
 

W
. 

N
ic

ho
ls

 a
nd

 
R

. 
J.

 
B.

 
W

oo
d,

 
U

ni
le

ve
r 

R
es

ea
rc

h 
La

bo
ra

to
rie

s,
 B

ed
fo

rd
, 

E
ng

la
nd

 
I1

:1
0 

12
. T

H
E

 D
IS

TR
IB

U
TI

O
N

 O
F

 S
TE

R
O

LS
, A

LK
A

LO
ID

S
 

A
N

D
 F

A
TT

Y
 A

C
ID

S
 

IN
 S

E
N

IT
A

 C
A

C
TU

S
 O

V
E

R
 

IT
S

 R
A

N
G

E
 I

N
 S

O
N

O
R

A
, 

M
E

X
IC

O
 

H
en

ry
 W

. 
K

irc
he

r,
 U

ni
ve

rs
ity

 o
f 

A
riz

on
a 

M
O

N
D

A
Y

 
M

O
R

N
IN

G
--

A
P

R
IL

 
21

 
10

:0
0 

A
.M

.-
-B

al
lr

oo
m

 
9 

S
E

S
S

IO
N

 D
--

O
IL

S
E

E
D

 M
E

A
L 

A
N

D
 P

R
O

TE
IN

 
C

ha
irm

an
--

T.
 

J.
 

P
of

fs
, 

R
al

st
on

 P
ur

in
a 

C
o.

, 
S

t. 
Lo

ui
s,

 M
o.

 

1
0

:0
0

 
IN

TR
O

D
U

C
TI

O
N

 
B

Y
 C

H
A

IR
M

A
N

 
10

:!0
 

13
. 

LI
P

ID
 C

O
N

TE
N

T 
A

N
D

 F
A

TT
Y

 A
C

ID
 A

N
A

LY
S

IS
 

O
F

 T
H

R
E

E
 P

U
R

E
 V

A
R

IE
TI

E
S

 O
F

 O
A

T
S

 (
A

V
E

N
A

 
S

A
TI

V
A

) 
G

R
O

W
N

 
U

N
D

E
R

 V
A

R
IO

U
S

 
A

G
R

I-
 

C
U

LT
U

R
A

L 
P

R
A

C
TI

C
E

S
 

G
eo

rg
e 

C
. 

P
ot

te
r 

an
d 

Jo
y 

C
ar

,/
, 

Th
e 

Q
ua

ke
r 

O
af

s 
C

o.
 

10
:3

0 
14

. 
C

O
N

T
IN

U
O

U
S

 
E

X
T

R
U

S
IO

N
 C

O
O

K
IN

G
 

O
F

 
C

O
TT

O
N

S
E

E
D

 K
E

R
N

E
LS

 A
N

D
 

P
A

R
T

IA
LL

Y
 D

E
- 

FA
TT

E
D

 M
E

A
L 

S
. 

P.
 C

la
rk

, 
Te

xa
s A

 
&

 M
 

U
ni

ve
rs

ity
 

10
:5

0 
15

. 
R

E
A

C
T

IO
N

 
O

F
 

G
O

S
S

Y
P

O
L 

W
IT

H
 

A
M

IN
O

 
A

C
ID

S
, 

P
E

P
TI

D
E

S
 A

N
D

 
O

T
H

E
R

 A
M

IN
O

-C
O

M
- 

P
O

U
N

D
S

--
P

R
E

P
A

R
A

TI
O

N
, 

P
U

R
IF

IC
A

TI
O

N
 A

N
D

 
C

H
A

R
A

C
TE

R
IZ

A
TI

O
N

 
C

ar
l 

M
. 

C
at

er
 a

nd
 C

ar
l 

M
. 

Ly
m

an
, T

ex
as

 A
 &

 M
 

U
 ni

ve
rs

lty
 

I1
:1

0 
16

. 
C

H
E

M
IC

A
L 

IN
A

C
T

IV
A

T
IO

N
 

O
F

 
C

Y
C

LO
P

R
O

- 
P

E
N

O
ID

 
F

A
T

T
Y

 A
C

ID
S

 
IN

 
C

O
TT

O
N

S
E

E
D

 
M

E
A

LS
 

H
. 

J.
 

O
'N

ei
ll 

an
d 

H
. 

G
. 

R
ei

llc
h,

 li
T

 
R

es
ea

rc
h 

In
st

itu
te

, 
J.

 
P

ro
ct

or
 e

nd
 W

. 
A

. 
P

an
s,

 J
r. 

M
O

N
D

A
Y

 
M

O
R

N
IN

G
m

A
P

R
IL

 
21

 
I I

:0
0 

A
.M

.m
B

al
lr

oo
m

 
I 

an
d 

2 

S
E

S
S

IO
N

 E
--

O
Z

O
N

O
LY

S
IS

 
C

ha
ir

m
an

--
O

. 
S

. 
P

riv
ef

f, 
H

or
m

el
 

In
st

itu
te

, 
U

ni
ve

rs
ity

 
of

 
M

in
ne

ss
ot

a,
 A

us
tin

, 
M

in
n.

 

I0
:3

0 
17

. S
TR

U
C

TU
R

A
L 

A
N

A
LY

S
IS

 
O

F
 

F
A

T
T

Y
 A

C
ID

S
 

V
IA

 
O

ZO
N

O
LY

S
IS

 
(C

O
LO

R
 

M
O

V
IE

) 
0

. 
S.

 P
riv

eH
', 

H
or

m
el

 I
ns

tit
ut

e 
ll

:I
S

 
18

.'M
IC

R
O

-O
ZO

N
IZ

E
R

: 
A

N
 

A
P

P
A

R
A

T
U

S
 

FO
R

 
O

ZO
N

O
LY

S
IS

 
N

ic
ho

la
s 

P
el

lc
k,

 S
up

el
co

 In
c.

 

M
O

N
D

A
Y

 A
FT

E
R

N
O

O
N

--
A

P
R

IL
 2

1 
2:

00
 

P
.M

.N
B

al
lr

oo
m

 
6 

S
E

S
S

IO
N

 F
m

S
O

A
P

S
 

A
N

D
 D

ET
ER

G
EN

TS
 II

 
C

ha
irm

an
--

C
ha

rle
s 

P
. 

M
cC

la
ln

, 
P

ur
ex

 C
or

p.
 

Lt
d.

, 
W

ill
m

in
gt

on
, 

C
al

if.
 

2:
00

 
19

. A
U

TO
M

A
TE

D
 M

E
TH

O
D

 F
O

R
 T

H
E

 D
E

TE
R

M
IN

A
- 

T
IO

N
 

O
F

 
TO

TA
L 

E
N

Z
Y

M
E

 
IN

 
P

R
E

S
O

A
K

 
D

ET
ER

G
EN

TS
 

L.
 

M
. 

P
ai

xa
o,

 
E.

 
J.

 
M

ai
fh

en
y 

an
d 

C
. 

B
en

z,
 

C
ol

ga
fe

-P
al

m
ol

lv
e 

R
es

ea
rc

h 
C

en
te

r 
2;

20
 

20
. 

FL
U

O
R

E
S

C
E

N
T 

W
H

IT
E

N
IN

G
 

A
G

E
N

T
S

 
FO

R
 

E
N

ZY
M

E
-C

O
N

TA
IN

IN
G

 
LA

U
N

D
R

Y
 

P
R

O
D

U
C

TS
 

P
er

 S
. S

te
ns

by
, W

ill
ia

m
 R

. F
in

dl
ey

 a
nd

 C
ha

rle
s 

W
. 

Li
eb

er
t, 

G
ei

gy
 C

he
m

ic
al

 C
or

p.
 

2:
40

 
21

. 
A

N
 A

U
TO

M
A

TE
D

 D
E

TE
R

M
IN

A
TI

O
N

 O
F

 L
IN

E
A

R
 

A
LK

Y
L 

S
U

LF
O

N
A

TE
S

 IN
 S

P
R

A
Y

 D
R

IE
D

 D
E

TE
R

- 
G

E
N

TS
 

E.
 H

. 
B

ra
nd

ll 
an

d 
R

. M
. 

K
el

le
y,

 C
ol

ga
te

-P
al

m
ol

lv
e 

C
o.

 
3:

00
 

IN
TE

R
M

IS
S

IO
N

 
3:

10
 

22
. 

TH
E

 
C

O
U

R
S

E
 

O
F

 
B

IO
D

E
G

R
A

D
A

TI
O

N
 

O
F 

A
N

IO
N

IC
 D

E
TE

R
G

E
N

TS
 

T.
 C

. 
C

or
do

n,
 

E.
 W

. 
M

au
re

r 
an

d 
A

. 
J.

 S
fir

fo
n,

 
E

as
te

rn
 

U
til

iz
at

io
n 

R
es

ea
rc

h 
an

d 
D

ev
el

op
m

en
t 

D
iv

is
io

n,
 U

S
D

A
 

3
:3

0
 

23
. 

N
-)

O
 

A
C

Y
L 

M
IG

R
A

T
IO

N
 

S
T

U
D

IE
S

 O
F

 
N

- 
(2

-H
Y

D
R

O
X

Y
E

TH
Y

L)
 LA

U
 R

A
M

ID
E

S
 

J.
 A

. 
Lo

bo
da

 a
nd

 T
. 

M
. 

M
uz

yc
zk

o,
 T

he
 R

ic
ha

rd
so

n 
C

o.
 

M
O

N
D

A
Y

 A
FT

E
R

N
O

O
N

--
A

P
R

IL
 

21
 

2:
00

 P
.M

.~
B

aJ
lr

oo
rn

 
7 

an
d 

8 

S
E

S
S

IO
N

 G
--

B
IO

C
H

E
M

IC
A

L 
II 

C
ha

lrm
an

m
F.

 L
ee

 A
ve

ra
, 

C
or

n 
P

ro
du

ct
s 

C
o.

, 
A

la
m

ed
a,

 C
al

if.
 

2:
00

 
24

. 
LI

P
ID

S
 

FR
O

M
 

TH
E

 
M

IC
R

O
S

O
M

A
L,

 
M

IT
O

- 
C

H
O

N
D

R
IA

L 
A

N
D

 
M

Y
E

LI
N

 
FR

A
C

TI
O

N
S

 
O

F
 

M
O

U
S

E
 B

R
A

IN
 

G
ra

ce
 

Y
. 

S
un

, 
C

le
ve

la
nd

 
P

sy
ch

ia
tr

ic
 I

ns
tit

ut
e,

 
an

d 
Ll

oy
d 

A
. 

H
or

ro
ck

s 
2:

20
 

25
. 

LI
P

ID
 C

O
N

TE
N

T 
A

N
D

 F
A

TT
Y

 A
C

ID
 P

A
TT

E
R

N
S

 
IN

 D
E

V
E

LO
P

IN
G

 S
TE

E
LH

E
A

D
 S

A
C

 F
R

Y
 

Ly
le

 H
ay

es
, I

on
 J

. 
Ti

ns
le

y,
 R

ob
er

t 
R

. 
Lo

w
ry

 a
nd

 
G

ar
y 

A
. 

C
ha

pm
an

, O
re

go
n 

S
ta

te
 

U
ni

ve
rs

ity
 

2:
40

 
26

. 
H

Y
D

R
O

C
A

R
B

O
N

 
B

IO
S

Y
N

TH
E

S
IS

 B
Y

 
C

O
C

K
- 

R
O

A
C

H
 

IN
TE

G
U

M
E

N
T 



C
ha

rle
s 

W
. 

C
on

ra
d 

an
d 

La
rr

y 
L.

 
Ja

ck
so

n,
 

M
on

ta
na

 , 
S

ta
te

 
U

ni
ve

rs
ity

 
3

:0
0

 
IN

T
E

R
M

IS
S

IO
N

 
3:

10
 

27
. 

S
TU

D
IE

S
 

O
N

 
TH

E
 

M
E

TA
B

O
LI

C
 

F
A

T
E

 O
F

 
G

O
S

S
Y

P
O

L 
IN

 T
H

E
 R

A
T 

U
S

IN
G

 z
*C

 L
A

B
E

LE
D

 
G

O
S

S
Y

P
O

L 
M

oh
am

ed
 B

ah
l A

bo
u-

D
on

ia
 a

nd
 C

ar
l 

M
. 

Ly
m

an
, 

Te
xa

s 
A

 
&

 M
 
U

n
iv

e
rs

ity
 

3:
30

 
28

. 
C

H
A

N
G

E
S

 
IN

 F
A

TT
Y

 A
C

ID
 A

N
D

 L
IP

ID
 C

LA
S

S
 

C
O

M
P

O
S

IT
IO

N
 

O
F

 
S

O
Y

B
E

A
N

S
 

D
U

R
IN

G
 

M
A

TU
R

A
TI

O
N

 
O

. 
S

, 
P

rlv
ef

f, 
R

. A
. 

G
ro

ss
 a

nd
 K

. 
B

eu
te

l, 
H

or
m

eJ
 

"l n
st

ifu
te

 
3:

50
 

29
. 

E
FF

E
C

TS
 O

P
 

P
A

R
A

TH
IO

N
 

O
N

 
LI

P
O

LY
S

IS
 I

N
 

IS
O

LA
TE

D
 A

D
IP

O
S

E
 C

E
LL

S
 

R
ic

ha
rd

 M
. 

C
al

ey
 

an
d 

R
ob

er
t 

G
. 

Ja
ns

en
, 

U
ni

- 
ve

rs
ity

 o
f 

C
on

ne
ct

ic
ut

 

M
O

N
D

A
Y

 A
F

T
E

R
N

O
O

N
--

A
P

R
IL

 
21

 
2:

00
 

P
.M

.m
B

el
lm

om
 

3 
S

E
S

S
IO

N
 H

--
C

H
E

M
O

T
A

X
O

N
O

M
Y

 I
I 

C
he

lrm
an

--
-C

ar
te

r 
Li

fc
hf

ie
ld

, 
Te

xa
s 

A
gr

ic
ul

tu
ra

l 
E

xp
er

im
en

t 
S

ta
tio

n,
 C

ol
le

ge
 S

ta
tio

n,
 T

ex
as

 
2:

00
 

IN
TR

O
D

U
C

TI
O

N
 

Iv
an

 
A

. 
W

ol
ff,

 
N

or
th

er
n 

R
eg

io
na

l 
R

es
ea

rc
h 

La
bo

ra
to

ry
, 

U
S

D
A

 
2:

10
 

30
. 

P
H

Y
LO

G
E

N
E

R
IC

 
P

A
TT

E
R

N
S

 
IN

 
TH

E
 

FA
TT

Y
 

A
C

ID
S

 
O

F
 A

O
U

A
T

iC
 O

R
G

A
N

IS
M

S
 

R
. 

G
. 

A
ck

m
an

, 
Fi

sh
er

ie
s 

R
es

ea
rc

h 
B

oa
rd

 
of

 
C

an
ad

a,
 H

al
ifa

X
, 

N
.S

., 
C

an
ad

a 
2:

40
 

31
. T

A
X

O
N

O
M

IC
 

P
A

TT
E

R
N

S
 I

N
 

TH
E

 
TR

IG
LY

C
- 

E
R

ID
E

 C
O

M
P

O
S

IT
IO

N
 

O
F

 N
A

TU
R

A
L 

FA
TS

 
C

ar
te

r 
Li

tc
h~

ie
[d

, 
T

ex
as

 A
gr

ic
uJ

tu
ra

l 
E

xp
er

im
en

t 
S

ta
tio

n 
3:

10
 

32
. 

P
H

Y
LO

G
E

N
E

T
IC

 
R

E
LA

TI
O

N
S

H
IP

S
 

IN
 

LI
P

ID
 

M
E

TA
B

O
LI

S
M

 
Ja

m
es

 F
. 

M
ea

d,
 U

ni
ve

rs
ity

 o
f 

C
al

ifo
rn

ia
 

3:
40

 
IN

T
E

R
M

IS
S

IO
N

 
3:

50
 

33
. 

A
 

C
O

M
P

A
R

A
TI

V
E

 
S

T
U

D
Y

 O
F

 
S

P
H

IN
G

O
S

IN
E

 
B

A
S

E
S

 I
N

 C
E

N
T

R
A

L 
N

E
R

V
E

 T
IS

S
U

E
 

K
at

hl
ee

n 
M

. 
G

ill
ila

nd
 

an
d 

E
zl

o 
A

. 
M

os
ca

te
lll

, 
U

ni
v~

rs
lty

 o
f 

Te
xa

s,
 S

ou
th

w
es

te
rn

 M
ed

ic
al

 S
ch

oo
l 

4:
20

 
34

. 
P

H
O

S
P

H
O

LI
P

ID
S

 
A

N
D

 
G

LY
C

O
LI

P
ID

S
 

O
F

 
A

N
IM

A
L 

C
E

LL
 

M
E

M
B

R
A

N
E

S
, 

O
R

G
A

N
E

LL
E

S
 

A
N

D
 

O
R

G
A

N
S

: 
S

P
E

C
IE

S
 A

N
D

 
A

G
E

 
V

A
R

IA
- 

TI
O

N
S

 
G

eo
rg

e 
R

ou
se

r, 
C~

ty
 o

f 
H

op
e 

M
ed

ic
al

 C
en

te
r 

M
O

N
D

A
Y

 A
FT

E
R

N
O

O
N

--
A

P
R

IL
 2

1 
2:

00
 

P
.M

.~
B

al
lr

oo
m

 
9 

SE
SS

IO
N

 
I-

-S
E

M
IN

A
R

: 
N

O
N

-F
O

O
D

 
U

S
E

S
 O

F 
C

O
C

O
N

U
T

 O
IL

--
W

H
E

R
E

 A
R

E
 W

E
 H

E
A

D
IN

G
.'/

 
C

ha
ir

m
an

--
N

. 
O

. 
V

. 
B

an
ni

ng
, G

ly
co

 C
he

m
ic

al
s,

 In
c.

, 
W

ill
ia

m
s~

oF
t~

 P
en

na
. 

P
an

el
 M

em
be

rs
: 

H
en

ry
 
A.

 
M

oh
te

nl
, 

D
re

w
' C

he
m

Tc
al

 C
o.

, 
K

ar
l 

T.
 

Zi
lc

h,
 

E
m

er
y 

In
du

st
rie

s,
 I

nc
., 

H
er

m
an

 
W

. 
Zo

be
l, 

R
og

er
 W

ill
ia

m
s 

T 
&

 E
 S

er
vi

ce
s,

 In
c.

, 
H

en
ry

 F
in

eb
er

g,
 A

sh
- 

la
nd

 C
he

m
ic

al
 C

o.
 

A
 

pa
ne

l 
di

sc
us

si
on

 a
nd

 s
em

in
ar

 o
n 

gr
ow

th
 a

nd
 f

ut
ur

e 
of

 
in

ed
ib

le
 u

se
s 

of
 

co
co

nu
t 

oi
l 

an
d 

its
 

fa
tt

y 
ac

id
s 

in
cl

ud
in

g 
re

vi
ew

 o
f 

tr
en

ds
, p

os
si

bl
e 

in
flu

en
ce

 o
f 

sy
nt

he
tic

 l
au

rlc
 a

ci
d,

 
pr

ic
e 

flu
ct

ua
tio

n,
 

su
pp

ly
 a

nd
 e

co
no

m
ic

 f
ac

to
rs

. 
Th

e 
re

ce
nt

 
in

cr
ea

se
 i

n 
re

la
tiv

e 
pr

op
or

tio
n 

of
 

oi
l 

us
ed

 e
dl

bl
y 

w
ill

 
be

 
pi

np
oi

nt
ed

. 
F

ut
ur

e 
ap

pl
ic

at
io

ns
 

an
d 

re
se

ar
ch

 t
re

nd
s 

w
ill

 
al

so
 b

e 
di

sc
us

se
d.

 

M
O

N
D

A
Y

 A
FT

E
R

N
O

O
N

--
A

P
R

IL
 2

! 
2:

00
 P

.M
.~

B
al

lr
oo

m
 

I 
an

d 
2 

S
E

S
S

IO
N

 J
--

S
Y

M
P

O
S

IU
M

: 
N

A
T

U
R

A
L 

W
A

X
E

S
 

C
ha

irm
an

--
N

ic
ho

la
s 

N
ic

ol
al

de
s,

 
U

.S
.C

. 
M

ed
ic

al
 

S
ch

oo
l, 

Lo
s 

A
ng

el
es

, 
C

al
if.

 

2:
00

 
IN

TR
O

D
U

C
TO

R
Y

 
R

E
M

A
R

K
S

 
2:

10
 

35
. 

B
A

C
T

E
R

IA
L 

H
Y

D
R

O
C

A
R

B
O

N
S

: 
S

TR
U

C
TU

R
E

 
A

N
D

 
B

IO
S

Y
N

TH
E

S
IS

 
P

hi
lli

p 
W

. 
A

lb
ro

 a
nd

 J
oh

n 
C

. 
O

iff
m

er
, 

S
t. 

Lo
ui

s 
U

ni
ve

rs
ity

 M
ed

ic
al

 
S

ch
oo

l 
2:

40
 

36
. 

P
LA

N
T

 W
A

X
E

S
 

P.
 

E.
 

K
ol

at
tu

ku
dy

, 
C

on
ne

ct
ic

ut
 

A
gr

ic
ul

tu
ra

l 
E

x-
 

pe
rim

en
t 

S
ta

tio
n 

3:
10

 
37

. 
TH

E
 

C
U

TI
C

U
LA

R
 

LI
P

ID
S

 O
F

 
IN

S
E

C
TS

 
La

rr
y 

L.
 J

ac
ks

on
 a

nd
 G

ra
em

e 
L.

 B
ak

er
, M

on
ta

na
 

S
ta

te
 

U
ni

ve
rs

ity
 

3:
40

 
IN

T
E

R
M

IS
S

IO
N

 
3:

50
 

38
. 

D
E

TE
R

M
IN

A
TI

O
N

 O
F

 T
H

E
 C

O
M

P
O

S
IT

IO
N

 
O

F 
U

N
H

Y
D

R
O

LY
ZE

D
 B

E
E

S
W

A
X

 
A

. 
P.

 
T

ul
lo

ch
, 

N
at

io
na

l 
R

es
ea

rc
h 

C
ou

nc
il 

of
 

C
an

ad
a 

4:
20

 
39

. 
TH

E
 

O
C

C
U

R
R

E
N

C
E

, 
F

U
N

C
T

IO
N

 
A

N
D

 
B

IO
- 

S
Y

N
TH

E
S

IS
 

O
F

 
W

A
X

 
ES

TE
R

S 
IN

 
M

A
R

IN
E

 
O

R
G

A
N

 IS
 M

S
 

Ju
dd

 
C

. 
N

ev
en

ze
l, 

U
ni

ve
rs

ity
 o

f 
C

al
ifo

rn
ia

 
4:

50
 

40
. 

W
A

X
E

S
 O

F
 A

N
IM

A
L 

S
K

IN
 

S
U

R
FA

C
E

S
 

N
. 

N
,ic

ol
al

de
s,

 H
w

el
 C

. 
Fu

 a
nd

 M
. 

N
. 

A
. 

A
ns

aH
, 

U
ni

ve
rs

ity
 

of
 

S
ou

th
er

n 
C

al
ifo

rn
ia

 
S

ch
oo

l 
of

 
M

ed
ic

in
e 

TU
E

S
D

A
Y

 
M

O
R

N
IN

G
--

A
P

R
IL

 
22

 
9:

00
 A

.M
.~

B
al

lr
oo

m
 

6 

SE
SS

IO
N

 
K

--
TH

E
 

U
SE

 
O

F 
S

U
R

FA
C

TA
N

TS
 

IN
 

M
IN

E
R

A
L 

R
E

C
O

V
E

R
Y

 
C

ha
irm

an
--

K
. 

R
. 

M
cK

en
no

n,
 D

ow
 C

he
m

ic
al

 C
o.

, 
W

al
nu

t 
C

re
ek

, 
C

al
if.

 

9:
00

 
41

. 
S

U
LF

O
N

A
T

E
 F

LO
TA

TI
O

N
 

O
F

 
P

H
O

S
P

H
O

R
IT

E
 

A
N

D
 

C
O

M
M

O
N

LY
 

A
S

S
O

C
IA

T
E

D
 M

IN
E

R
A

LS
 

M
. 

C
. 

Fu
er

st
en

au
 a

nd
 

J.
 

D
. 

M
ill

er
, 

U
ni

ve
rs

ity
 

of
 U

ta
h,

 R
. 

O
. 

Ju
ar

eg
hi

 
9:

20
 

42
. 

TH
E

 R
O

LE
 O

F
 S

U
R

FA
C

TA
N

TS
 IN

 T
H

E
 F

LO
TA

- 
T

IO
N

 O
F 

M
O

LY
B

D
E

N
IT

E
 A

T
 C

LI
M

A
X

 
R

ic
ha

rd
 A

. 
R

on
zi

o,
 C

lim
ax

 
M

ol
yb

de
nu

m
 C

o.
 

9:
40

 
43

. 

10
:1

0 
44

.. 

10
:3

0 
10

:4
0 

45
. 

I I
:0

0 
46

. 

TH
E

 E
FF

E
C

TS
 O

F
 S

U
R

FA
C

TA
N

TS
 A

N
D

 A
LC

O
- 

H
O

LS
 

O
N

 
TH

E
 

FL
O

TA
TI

O
N

 
C

O
LL

E
C

TI
O

N
 

P
E

R
FO

R
M

A
N

C
E

 
O

F
 

A
N

 
A

LK
Y

L 
T

H
IO

N
O

- 
C

A
R

B
A

M
A

TE
 

D
. 

J.
 C

ol
lin

s 
an

d 
T.

 F
. 

Iz
zo

, D
ow

 C
he

m
ic

al
 C

o.
 

S
O

M
E

 O
B

S
I~

R
V

A
TI

O
N

S
 O

N
 

TH
E

 
E

FF
E

C
TS

 O
F

 
S

U
R

FA
C

TA
N

TS
 

IN
 

TH
E

 
M

IC
R

O
B

IO
LO

G
IC

A
L 

LE
A

C
H

IN
G

 
O

F
 

LO
W

-G
R

A
D

E
 

S
U

LF
ID

E
 O

R
E

S
 

J.
 

P.
 K

as
s,

 T
ec

hn
ic

al
 C

ou
ns

el
 f

or
 t

he
 

F
oo

d 
an

d 
C

he
m

ic
al

 
In

du
st

rie
s 

IN
TE

R
M

IS
S

IO
N

 
E

FF
E

C
T 

O
F

 S
U

R
FA

C
TA

N
TS

 O
N

 
TH

E
 

R
H

E
O

L-
 

O
G

Y
 O

F
 H

E
M

A
TI

TE
 S

LU
R

R
IE

S
 

H
ar

le
y 

Y
. 

Je
nn

in
gs

, 
Jr

., 
C

he
vr

on
 O

il 
Fi

el
d 

R
e-

 
se

ar
ch

 C
o.

 
S

U
R

FA
C

TA
N

TS
 F

O
R

 O
IL

 
R

E
C

O
V

E
R

Y
 

G
. 

P.
 A

he
or

n,
 E

ss
o 

P
ro

du
ct

io
n 

R
es

ea
rc

h 
C

o.
 

TU
E

S
D

A
Y

 M
O

R
N

IN
G

m
A

P
R

IL
 

22
 

9:
00

 A
.M

.m
Te

ak
w

oo
d 

R
oo

m
 

S
E

S
S

IO
N

 L
m

C
H

E
M

IC
A

L 
S

Y
N

TH
E

S
IS

 S
E

S
S

IO
N

 I
 

C
ha

irm
an

m
K

en
ne

th
 

E
. 

H
ol

t,
 

E
xp

er
ie

nc
e,

 I
nc

.,
 M

in
ne

ap
ol

is
, 

M
in

n.
 

9:
00

 
47

. 
N

-P
H

E
N

Y
LA

M
IN

O
M

E
TH

Y
LA

TI
O

N
: 

A
 

O
N

E
- 

S
TE

P
 

R
O

U
T

E
 T

O
 

N
-S

U
B

S
TI

TU
TE

D
 A

N
IL

IN
E

S
 

FR
O

M
 

U
N

S
A

TU
R

A
TE

D
 F

A
TT

Y
 D

E
R

IV
A

TI
V

E
S

 
R

ob
er

t 
A

. 
G

rim
m

, 
A

sh
la

nd
 C

he
m

ic
al

 
C

o.
 

9:
20

 
48

. "
O

LE
Y

L 
A

LC
O

H
O

L 
FR

O
M

 
A

N
IM

A
L 

F
A

T
S

 B
Y

 
C

A
TA

TY
LI

C
 

H
Y

D
R

O
G

E
N

O
LY

S
lS

 
R

. 
S

. 
K

lo
no

w
sk

i, 
T.

 W
. 

Fi
nd

[e
y,

 C
. 

M
. 

Jo
se

fs
on

 
an

d 
A

. 
J.

 
S

fir
to

n,
 

S
w

ift
 

&
 

C
o.

 
9:

40
 

49
. 

H
F

 
C

A
TA

LY
S

IS
 

i~
A

 
N

O
V

E
L 

S
Y

N
TH

E
S

IS
 O

F
 

G
LY

C
E

R
O

L 
M

O
N

O
E

S
TE

R
S

 
E

ug
en

e 
J.

 
M

ill
er

 
an

d 
H

ar
la

n 
E.

 
Ti

ef
en

fh
al

, 
A

rm
ou

r 
In

du
st

ria
l C

he
m

ic
al

 C
o.

, 
an

d 
A

go
 

M
ai

s 
10

:0
0 

50
. 

C
O

M
P

E
TI

TI
V

E
 

H
Y

D
R

O
G

E
N

A
T

IO
N

 
R

A
TE

S
 O

F
 

IS
O

M
E

R
IC

 M
E

TH
Y

L 
O

C
TA

D
E

C
E

N
O

A
TE

S
 

C
. 

R
. 

S
ch

ol
fle

ld
, 

T.
 L

. 
M

ou
nt

s,
 R

. 
O

. 
B

uf
fe

rfi
el

d 
an

d 
H

. 
J.

 
D

uH
on

, 
N

or
th

er
n 

R
eg

io
na

l 
R

es
ea

rc
h 

La
bo

ra
to

ry
, 

U
S

D
A

 
10

:2
0 

S
l. 

H
O

M
O

G
E

N
E

O
U

S
 

C
A

TA
LY

TI
C

 C
O

N
JU

G
A

T
IO

N
 

O
F

 
P

O
LY

U
N

S
A

TU
R

A
TE

D
 F

A
TS

 
B

Y
 

M
E

T
H

Y
L 

B
E

N
ZO

A
TE

-C
r 

(C
O

)s
 

E.
 

N
. 

F
ra

nk
e|

, 
N

or
th

er
n 

R
eg

io
na

l 
R

es
ea

rc
h 

La
bo

ra
to

ry
, 

U
S

D
A

 
10

:4
0 

52
. 

R
E

D
U

C
TI

V
E

 A
M

IN
A

T
IO

N
 O

F
 

12
K

E
TO

S
TE

A
R

IC
 

A
C

ID
 

B
er

na
rd

 
F

re
ed

m
an

 a
nd

 
G

le
nn

 
F

ul
le

r,
 W

es
te

rn
 

R
eg

io
na

l 
R

es
ea

rc
h 

La
bo

ra
to

ry
, 

U
S

D
A

 
I1

:0
0 

53
. 

TH
E

R
M

A
L 

P
O

LY
M

E
R

IZ
A

TI
O

N
 O

F
 S

A
FF

LO
W

E
R

 
S

E
E

D
 O

IL
 

Y
es

hw
an

f 
K

. 
P

ur
an

da
re

, S
ta

te
 U

ni
ve

rs
ity

, 
A

 
&

 T
 

Co
ll
eg
e 

I 1
:2

0 
54

. 
C

A
TA

LY
TI

C
 

IS
O

M
E

R
IZ

A
TI

O
N

 O
F

 S
A

FF
LO

W
E

R
 

S
E

E
D

 O
IL

 
Y

es
hw

en
f K

. 
P

ur
an

de
re

, S
ta

te
 U

ni
ve

rs
ity

, 
A

 
~ 

T 
C

ol
le

ge
 



11
.4

0 
SB

. U
R

E
TH

A
N

E
 F

O
A

M
S

 F
R

O
M

 A
N

IM
A

L
 

FA
TS

: 
V

. 
FL

A
M

E
 

R
E

S
IS

TA
N

T 
FO

A
M

S
 

FR
O

M
 

H
Y

P
O

- 
H

A
LO

G
E

N
A

TE
D

 
G

LY
C

E
R

ID
E

S
 

F.
 S

ch
ol

ni
ck

, 
E.

 J
. 

S
ag

ge
se

, A
. 

N
. 

W
ri

gl
ey

 
an

d 
G

. 
R

. 
R

is
er

, 
E

as
te

rn
 R

eg
io

na
l 

R
es

ea
rc

h 
La

bo
ra

- 
to

ry
, 

U
S

D
A

 

TU
E

S
D

A
Y

 M
O

R
N

IN
G

--
A

P
R

IL
 

22
 

9:
00

 A
.M

.-
-B

al
lr

oo
m

 7
 a

nd
 B

 

S
E

S
S

IO
N

 M
--

N
U

T
R

IT
IO

N
 

I 
C

ha
irm

an
--

R
ut

h 
O

ka
y,

 U
ni

ve
rs

ity
 o

f 
C

al
ifo

rn
ia

, 
B

er
ke

le
y,

 C
al

if.
 

9:
00

 
B

6.
 E

FF
E

C
TS

 O
F

 D
IE

T
 O

N
 C

H
O

LE
S

TE
R

O
L 

M
E

TA
B

- 
O

LI
S

M
 

IN
 

R
A

B
B

IT
S

 
K

. 
K

. 
C

ar
ro

ll,
 

U
ni

ve
rs

ity
 

of
 

W
es

te
rn

 O
nt

ar
io

, 
C

an
ad

a 
9:

20
 

57
. 

D
IE

T
A

R
Y

 I
N

D
U

C
E

D
 

C
H

A
N

G
E

S
 

IN
 

C
A

N
IN

E
 

E
R

Y
TH

R
O

C
Y

TE
 F

A
TT

Y
 A

C
ID

 C
O

M
P

O
S

IT
IO

N
 

A
nf

en
as

 B
ut

ku
s,

 L
. 

A
lle

n 
E

hr
ha

rt,
 L

en
a 

A
. 

Le
w

is
 

en
d 

F.
 M

er
lin

 B
um

pu
s,

 C
le

ve
la

nd
 C

lin
ic

 F
ou

nd
a-

 
tio

n 
9:

40
 

58
. 

TH
E

 E
FF

E
C

T 
O

F
 D

IE
TA

R
Y

 C
H

O
LE

S
TE

R
O

L 
O

N
 

TH
E

 
C

O
M

P
O

S
IT

IO
N

, 
M

O
R

P
H

O
LO

G
Y

 
A

N
D

 
FU

N
C

TI
O

N
S

 
O

F
 G

U
IN

E
A

 P
IG

 R
ED

 C
E

LL
S

 
R

. 
O

sf
w

al
d,

 
W

. 
Y

am
en

ak
a,

 J
. 

K
ro

es
 e

nd
 

M
. 

Li
gh

t, 
U

ni
ve

rs
ity

 o
f 

C
al

ifo
rn

ia
 

10
:0

0 
59

. 
E

FF
E

C
T 

.O
F

 
.D

IE
TA

R
Y

 
.F

A
T 

.L
E

V
E

L 
.A

N
D

 
C

A
LO

R
IC

 
IN

TA
K

E
 

O
N

 
B

O
D

Y
 W

E
IG

H
T,

 
D

IS
- 

TR
IB

U
TI

O
N

 O
F

 F
A

T 
D

E
P

O
TS

 A
N

D
 F

A
TT

Y
 A

C
ID

 
C

O
M

P
O

S
IT

IO
N

 
O

F
 

C
A

R
C

A
S

S
, 

LI
V

E
R

 A
N

D
 

A
D

IP
O

S
E

 T
IS

S
U

E
 O

F
 

R
A

TS
 

M
ild

re
d 

J.
 B

en
ne

tt 
an

d 
S

hi
rle

y 
B

ar
be

r, 
C

hi
ld

re
n'

s 
H

os
pi

ta
l 

M
ed

ic
al

 
C

en
te

r 
10

:2
0 

60
. 

N
U

TR
IT

IO
N

A
L 

E
V

A
LU

A
TI

O
N

 O
F

 F
IL

LE
D

 M
IL

K
S

 
IN

 
M

O
N

K
E

Y
S

 A
N

D
 

R
A

TS
 

H
an

s 
K

au
nl

fz
 a

nd
 

Ja
lm

e 
S

an
ye

,r,
 C

ol
le

ge
 

of
 

P
hy

si
ci

an
s 

an
d 

S
ur

ge
on

s 
10

:4
0 

61
. 

SE
X 

D
IF

FE
R

E
N

C
E

S
 IN

 
IN

T
E

S
T

IN
A

L 
P

R
O

TE
IN

 
S

Y
N

TH
E

S
IS

 A
N

D
 

A
B

S
O

R
P

TI
O

N
 O

F
 

LI
P

ID
S

 
Ge

or
ge

 
V

. 
V

ah
ou

ny
, M

. 
It
o 

an
d 

C
. 

R
. T

re
ad

w
el

t, 
G

eo
rg

e 
W

as
hi

ng
Io

n 
U

n~
ve

rs
lty

, W
as

hl
ng

fo
n,

 D
.C

. 
I1

:0
0 

62
. 

E
FF

E
C

T 
O

F
 

D
IE

T
A

R
Y

 S
TE

R
C

U
LI

C
 A

C
ID

 
O

N
 

LI
P

ID
 C

O
M

P
O

S
IT

IO
N

 
O

F
 R

A
T 

TI
S

S
U

E
S

 
B

ar
ry

 J
. 

B
ur

ns
, R

. 
B.

 A
lfl

n-
S

la
fe

r 
an

d 
Ja

m
es

 F
. 

M
ea

d,
 

U
ni

ve
rs

ity
 o

f 
C

al
ifo

rn
ia

 

TU
E

S
D

A
Y

 M
O

R
N

IN
G

--
A

P
R

IL
 

22
 

9:
00

 A
.M

.~
B

al
lr

oo
m

 9
 

S
E

S
S

IO
N

 N
 I-

-S
Y

M
P

O
S

IU
M

: 
M

E
M

B
R

A
N

E
 

M
O

D
E

L 
S

Y
S

TE
M

S
 

C
ha

lr
m

an
--

G
. 

C
ol

ac
|c

co
, 

C
ity

 U
ni

ve
rs

ity
 o

f 
N

ew
 Y

or
k,

 N
.Y

. 
C

o-
ch

al
rm

an
~

. 
M

. 
S

te
lm

, 
B

ro
w

n 
U

ni
ve

rs
ity

, P
ro

vi
de

nc
e,

 R
.I.

 

9:
00

 

9:
05

 

O
P

E
N

IN
G

 O
F

 S
Y

M
P

O
S

IU
M

 
G

. 
C

ol
ac

ic
co

, C
ity

 U
ni

ve
rs

ity
 o

f 
N

ew
 Y

or
k 

G
E

N
E

R
A

L 
IN

TR
O

D
U

C
TI

O
N

 
F.

 S
. 

S
io

st
ra

nd
, 

U
ni

ve
rs

ity
 o

f 
C

al
lfc

~r
ni

a 

S
E

S
S

IO
N

 I
--

LI
P

ID
S

 
C

ha
ir

m
an

--
H

. 
1"

. 
T

ie
n,

 M
ic

hi
ga

n 
S

ta
te

 
U

ni
ve

rs
ity

 

9:
25

 
IN

TR
O

D
U

C
TO

R
Y

 R
E

M
A

R
K

S
 

H
. 

T.
 T

ie
n,

 M
ic

hi
ga

n 
S

ta
te

 U
ni

ve
rs

ity
 

9:
40

 
63

. 
LI

P
ID

 M
O

N
O

LA
Y

E
R

S
: 

IN
FL

U
E

N
C

E
 O

F
 C

H
E

M
- 

IC
A

L 
S

TR
U

C
TU

R
E

 O
N

 
S

U
R

F
A

C
E

 P
R

O
P

E
R

TI
E

S
 

G
. 

C
ol

ac
lc

co
, 

C
ity

 U
ni

ve
rs

ity
 o

f 
N

ew
 Y

or
k 

1
0

:0
0

 
D

IS
C

U
S

S
IO

N
 

10
:2

0 
64

. 
B

LM
 

A
S

 
B

IO
LO

G
IC

A
L 

M
E

M
B

R
A

N
E

 M
O

D
E

LS
: 

A
N

 
E

V
A

LU
TI

O
N

 
A

N
D

 
A

 
S

U
G

G
E

S
TI

O
N

 
FO

R
 

IT
S

 S
P

O
N

TA
N

E
O

U
S

 F
O

R
M

A
TI

O
N

 
IN

 
N

A
TU

R
E

 
H

. 
T.

 T
ie

n,
 M

ic
hi

ga
n 

S
ta

te
 

U
ni

ve
rs

ity
 

1
0

:4
0

 
D

IS
C

U
S

S
IO

N
 

I 1
:0

0
 

IN
TE

R
M

IS
S

IO
N

 

I1
:1

0 
65

. 
E

FF
E

C
T 

O
F

 C
H

O
LE

S
TE

R
O

L 
O

N
 P

E
R

M
E

A
B

IL
IT

Y
 

A
N

D
 E

LE
C

TR
IC

A
L 

P
R

O
P

E
R

TI
E

S
 O

F
 P

H
O

S
P

H
O

- 
LI

P
ID

 
M

O
D

E
L 

M
E

M
B

R
A

N
E

S
 

D.
 

P
ep

eh
ad

jo
po

ul
os

 a
nd

 
S

. 
O

hk
i, 

S
ta

te
 

U
ni

- 
ve

rs
ity

 o
f 

N
ew

 Y
or

k 
at

 B
uf

fa
lo

 
I 1

:3
0

 
D

IS
C

U
S

S
IO

N
 

11
:5

0 
66

. 
FR

A
C

TU
R

E
 S

U
R

FA
C

E
S

 I
N

 
B

U
LK

-P
H

A
S

E
 L

IP
ID

 
SY

ST
EM

S 
D

. 
W

. 
De

em
er

, 
U

ni
ve

rs
ity

 o
f 

C
al

ifo
rn

ia
 

1
2

:1
0

 
D

IS
C

U
S

S
IO

N
 

TU
E

S
D

A
Y

 A
FT

E
R

N
O

O
N

m
A

P
R

IL
 2

2 
2:

00
 P

.M
.--

B
al

lro
om

 
9 

SE
SS

IO
N

 N
2-

-S
Y

M
P

O
S

IU
M

: 
M

E
M

B
R

A
N

E
 

M
O

D
E

L 
S

Y
S

TE
M

S
 

C
ha

lr
m

an
--

G
. 

C
ol

ac
ic

co
, 

C
lfy

 U
ni

ve
rs

ity
 o

f 
N

ew
 Y

or
k,

 N
.Y

. 
C

o-
ch

al
rm

en
--

J.
 

M
. 

S
fe

lm
, 

B
ro

w
n 

U
ni

ve
rs

ity
, 

P
ro

vi
de

nc
e,

 R
.I.

 

IN
TE

R
N

A
TI

O
N

A
L 

M
E

M
B

R
A

N
E

 
W

O
R

K
S

H
O

P
: 

LI
PI

D
-P

R
O

TE
IN

 A
S

S
O

C
IA

TI
O

N
 IN

 M
E

M
B

R
A

N
E

S
--

 
H

Y
D

R
O

P
H

O
B

IC
 O

R
 E

LE
C

TR
O

S
TA

TI
C

? 
2:

00
 

O
P

E
N

IN
G

 
O

F
 W

O
R

K
S

H
O

P
 

G.
 

C
ol

ac
ic

co
, 

C
ity

 U
ni

ve
rs

ity
 o

f 
N

ew
 Y

or
k,

 N
.Y

. 

W
O

R
K

S
H

O
P

 
S

E
S

S
IO

N
 h

 
M

E
M

B
R

A
N

E
 L

IP
ID

S
 

C
ha

lrm
an

--
D

. 
B

ra
nt

on
, U

ni
ve

rs
ity

 o
f 

C
al

ifo
rn

ia
. 

B
er

ke
le

y,
 C

al
if.

 

2
:0

B
 

IN
TR

O
D

U
C

TO
R

Y
 R

E
M

A
R

K
S

 
D

. 
B

ra
nt

on
, 

U
ni

ve
rs

ity
 o

f 
Ca
l~
fo
rn
la
 

2
:2

B
 

"D
IS

C
U

S
S

IO
N

 

TU
E

S
D

A
Y

 M
O

R
N

IN
G

--
A

P
R

IL
 

22
 

9:
00

 A
.M

.m
B

al
lro

om
 

I 
an

d 
2 

S
E

S
S

IO
N

 O
--

P
R

O
C

E
S

S
IN

G
 O

F
 F

A
TS

 A
N

D
 O

IL
S

 
C

ha
lrm

an
--

Fr
an

k 
E

. 
S

ul
liv

an
, 

Fr
an

k 
E

. 
S

ul
liv

an
 C

o.
, 

Ti
bu

ro
n,

 
C

al
if.

 

9:
00

 
67

. 
FI

LT
R

A
TI

O
N

 
IN

 
TH

E
 

F
A

T
S

 
A

N
D

 
O

IL
S

 
IN

D
U

S
TR

Y
 

R
ob

er
t 

J.
 

Z
ill

l. 
Jo

hn
s-

M
an

vi
lle

 
C

or
p.

 
9:

30
 

68
. 

D
E

O
D

O
R

IZ
A

TI
O

N
 

O
F

 
F

A
T

S
 A

N
D

 
O

IL
 

IN
 

C
O

M
M

E
R

C
IA

L 
P

R
A

C
TI

C
E

 
G

eo
rg

e 
K

re
ut

ze
r, 

S
w

ift
 

&
 C

o.
, 

C
hi

ca
go

 
10

:0
0 

69
. 

H
Y

D
R

O
G

E
N

A
TI

O
N

 
O

F
 

S
O

Y
B

E
A

N
 O

IL
 

W
IT

H
 

C
O

P
P

E
R

-C
H

R
O

M
IT

E
 C

A
T

A
LY

S
T

: 
W

IN
TE

R
IZ

A
- 

T
IO

N
 

O
F

 
LO

W
-L

IN
O

LE
N

A
TE

 
O

IL
S

 
K

. 
g.

 M
ou

flo
n,

 
R

. 
E.

 B
ea

l a
nd

 E
. 

k.
 G

rif
fin

, 
Jr

., 
N

or
th

er
n 

U
til

iz
at

io
n 

R
es

ea
rc

h 
an

d 
D

ev
el

op
m

en
t, 

U
S

D
A

 
10

:3
0 

70
. 

TH
E

 E
FF

E
C

TS
 O

F
 H

Y
D

R
O

G
E

N
A

TI
O

N
 P

R
O

C
E

S
S

 
V

A
R

IA
B

LE
S

 O
N

 T
H

E
 S

E
LE

C
TI

V
IT

Y
 A

N
D

 
IS

O
M

. 
E

R
IZ

A
TI

O
N

 
C

H
A

R
A

C
T

E
R

IS
T

IC
S

 O
F

 
N

IC
K

E
L 

C
A

TA
LY

S
TS

 
R

ob
er

t 
R

. 
A

lle
n,

 
M

. 
C

. 
M

oo
re

 a
nd

 J
. 

E.
 C

ov
ey

, 
Jr

., 
A

nd
er

so
n,

 C
la

yt
on

 
&

 
C

o.
 

I1
:0

0 
71

. 
P

O
S

IT
IO

N
A

L 
A

N
D

 G
E

O
M

E
TR

IC
A

L 
IS

O
M

E
R

IZ
A

- 
T

IO
N

 
D

U
R

IN
G

 
P

A
R

TI
A

L 
H

Y
D

R
O

G
E

N
A

TI
O

N
 

O
F

 T
R

IL
IN

O
LE

IN
m

A
 C

O
M

P
A

R
IS

O
N

 
O

F
 C

O
P

- 
PE

R
 A

N
D

 
N

IC
K

E
L 

C
A

TA
LY

S
TS

 
E.

 
R

. 
Lo

w
re

y.
 

P
ro

ct
er

 
&

 
G

am
bl

e,
 

an
d 

E
hu

d 
K

irs
ch

ne
r 

W
E

D
N

E
S

D
A

Y
 M

O
R

N
IN

G
--

A
P

R
IL

 2
3 

9:
00

 A
.M

.--
Te

al
cw

oo
d 

R
oo

m
 

S
E

S
S

IO
N

 P
--

A
N

T
IO

X
ID

A
N

T
S

 
C

ha
ir

m
an

--
H

. 
S

. 
O

lc
of

f, 
U

ni
ve

rs
ity

 
of

 
C

al
ifo

rn
ia

, 
B

er
ke

le
y,

 C
al
if
. 

9:
00

 
IN

TR
O

D
U

C
TI

O
N

 
B

Y
 C

H
A

IR
M

A
N

 
9:

10
 

72
. 

P
R

E
S

E
R

V
A

TI
O

N
 O

F
 L

IP
ID

S
 W

IT
H

 M
A

LI
C

 A
C

ID
 

S
. 

E
dm

un
d 

B
er

B
er

, 
C

as
lm

lr 
V

. 
K

ro
le

w
sk

l a
nd

 
Le

sf
ie

 C
. 

W
iz

em
an

n,
 A

lfi
ed

 
C

he
m

ic
al

 C
or

p.
 

9:
30

 
73

. 
S

TU
D

IE
S

 O
N

 A
N

T
IO

X
ID

A
N

T
 T

R
E

A
TM

E
N

TS
 O

F
 

C
R

U
D

E
 V

E
G

E
TA

B
LE

 O
IL

S
 

E.
 

R
. 

S
he

rw
ln

 a
nd

 
B.

 
M

. 
Lu

ck
ad

oo
, 

E
as

tm
an

 
C

he
m

ic
al

 
P

ro
d'

uc
ts

 
9:

50
 

74
. 

E
FF

E
C

TS
 O

F
 H

U
M

ID
IF

IC
A

T
IO

N
 O

N
 

A
C

TI
V

IT
Y

 
O

F 
C

A
T

A
LY

S
T

S
 A

N
D

 
A

N
TI

O
X

ID
A

N
TS

 
IN

 
M

O
D

E
L 

S
Y

S
TE

M
S

 
K

. 
H

. 
Tj

hl
o,

 T
. 

P.
 L

ab
uz

a 
an

d 
M

. 
K

ar
el

, 
M

as
s-

 
ac

hu
se

tts
 I

ns
tit

ut
e 

of
 T

ec
hn

ol
oc

ly
 

75
. 

E
FF

E
C

TS
 O

F
 

N
IT

R
O

G
E

N
 

B
A

S
E

S
 O

F
 

P
H

O
S

- 
P

H
A

TI
D

Y
L 

C
H

O
LI

N
E

 
A

N
D

 
P

H
O

S
P

H
A

TI
D

Y
L 

E
T

H
A

N
O

LA
M

IN
E

 
O

N
 

A
U

T
O

X
ID

A
T

IO
N

 
O

F 
M

E
TH

Y
L 

LI
N

O
LE

A
TE

 E
M

U
LS

IO
N

 

10
:1

0 



Ll
oy

d 
M

. 
S

m
ifh

 a
nd

 
Le

e-
S

hi
n 

T
sa

l, 
U

ni
ve

rs
ity

 
of

 C
al

ifo
rn

ia
 

10
:3

0 
76

. 
TH

E
 

IN
H

IB
IT

IO
N

 
O

F
 

O
X

ID
A

T
IO

N
 

B
Y

 
A

R
O

- 
M

A
T

IC
 

A
M

IN
E

S
 

K
. 

U
. 

In
go

ld
, 

K
. 

A
da

m
ic

 
en

d 
D

. 
F.

 
B

ow
m

an
, 

N
at

io
na

l 
R

es
ea

rc
h 

C
ou

nc
il 

of
 

C
an

ad
a 

10
:B

0 
77

. 
A

N
T

IO
X

ID
A

N
T

 
P

R
O

P
E

R
TI

E
S

 O
F

 
=-

TO
C

O
P

H
* 

E
R

O
L 

D
E

R
IV

A
TI

V
E

S
 A

N
D

 
R

E
LA

TI
O

N
S

H
IP

 O
F

 
A

N
T

IO
X

ID
A

N
T

 
A

C
TI

V
IT

Y
 

TO
 

B
IO

LO
G

IC
A

L 
A

C
TI

V
IT

Y
 

W
. 

A
. 

S
ki

nn
er

 a
nd

 
R

. 
M

. 
P

ar
kh

ur
st

, 
S

ta
nf

or
d 

R
es

ea
rc

h 
In

st
itu

te
 

I1
:1

0 
78

. 
F

E
R

R
IC

 
IR

O
N

-C
A

TA
LY

ZE
D

 
R

E
A

C
T

IO
N

S
 O

F
 

B
IO

LO
G

IC
A

L 
A

N
TI

O
X

ID
A

N
TS

 
W

IT
H

 
P

R
E

- 
FO

R
M

E
D

 L
IP

ID
 H

Y
D

R
O

P
E

R
O

X
ID

E
S

 
E.

 H
. 

G
ru

ge
r, 

Jr
.,

 B
ur

ea
u 

of
 C

om
m

er
ci

al
 F

is
he

rie
s 

an
d 

A
. 

L.
 T

ap
pe

l 
11

:3
0 

79
. 

A
N

T
IO

X
ID

A
N

T
 

P
R

O
P

E
R

TI
E

S
 O

F
 

TO
C

O
P

H
E

R
- 

A
M

IN
E

S
 

H
, 

S
. 

O
lc

of
f 

an
d 

J.
 V

an
 d

er
 V

ee
n,

 U
ni

ve
rs

ity
 o

f 
C

al
ifo

rn
ia

 

W
E

D
N

E
S

D
A

Y
 M

O
R

N
IN

G
m

A
P

R
IL

 2
3 

9:
00

 A
.M

.m
B

al
lr

oo
m

 
I 

an
d 

2 

S
E

S
S

IO
N

 O
--

-C
H

E
M

IC
A

L 
S

Y
N

TH
E

S
IS

 S
E

S
S

IO
N

 II
 

C
ha

irm
an

--
W

ill
la

m
 E

. 
Li

nk
, 

A
sh

la
nd

 C
he

m
ic

al
 

C
o.

, 
M

in
ne

ap
ol

is
, 

M
in

n.
 

9:
00

 
e0

. 
A

LI
P

H
A

T
IC

 N
IT

R
O

G
E

N
 D

E
R

IV
A

TI
V

E
S

: I
. 

A
D

D
I-

 
T

IO
N

 
O

F
 

N
,N

-D
IB

R
O

M
O

S
U

LF
O

N
A

M
ID

E
S

 
T

O
 

IN
TE

R
N

A
L 

O
LE

FI
N

S
 

T.
 A

. 
Fo

gl
ia

, 
E.

 T
. 

H
ae

be
re

r 
an

d 
G

. 
M

ae
rk

er
, 

E
as

te
rn

 R
eg

io
na

l 
R

es
ea

rc
h 

La
bo

ra
to

ry
, 

U
S

D
A

 
9:

20
 

II
, 

A
LI

P
H

A
T

IC
 

N
IT

R
O

G
E

N
 

D
E

R
IV

A
TI

V
E

S
: 

II.
 

R
E-

 
A

C
T

IO
N

 O
F

 C
IS

-9
, 

10
-E

P
IM

IN
O

O
C

TA
-D

E
C

A
N

E
 

W
IT

H
 

C
A

R
B

O
X

Y
LI

C
 A

C
ID

S
 

G
. 

M
ae

rk
er

, 
E.

 T
. 

H
ae

be
re

r, 
E

. 
T.

 D
on

ah
ue

 a
nd

 
T.

 A
. 

Fo
gl

ia
, 

E
as

te
rn

 R
eg

io
na

l 
R

es
ea

rc
h 

La
bo

ra
- 

to
ry

, 
U

S
D

A
 

9:
40

 
B

2.
 F

R
IE

D
E

L 
C

R
A

FT
S

 R
E

A
C

TI
O

N
 O

F
 N

-A
LK

E
N

O
IC

 
A

C
ID

S
 

M
. 

F.
 A

ns
el

l 
an

d 
G

. 
F.

 W
hi

H
ie

ld
, 

O
ue

en
 M

ar
y 

C
ol

le
ge

, 
U

nl
ve

rs
lfy

 
of

 
Lo

nd
on

, 
Lo

nd
on

, 
E.

 
I.,

 
E

ng
la

nd
 

10
:0

0 
83

. 
D

Ia
L

 
D

IR
IC

lN
O

LE
A

TE
S

 
FR

O
M

 
D

IH
A

LO
- 

A
LK

A
N

E
S

 
C

. 
K

. 
Ly

on
 a

nd
 V

. 
H

. 
G

ar
re

ff,
 W

es
te

rn
 R

eg
io

na
l 

R
es

ea
rc

h 
La

bo
ra

to
ry

, 
U

S
D

A
 

10
:2

0 
84

. 
A

C
R

Y
LA

T
E

 E
S

TE
R

S
 O

F
 

LO
N

G
 

C
H

A
IN

 
H

Y
- 

D
R

O
X

Y
 A

C
Y

L 
C

H
LO

R
ID

E
S

 
M

. 
J.

 
D

ia
m

on
d,

 W
es

te
rn

 
R

eg
io

na
l 

R
es

ea
rc

h 
La

bo
ra

to
ry

, 
U

S
D

A
 

10
:4

0 
85

. 
P

R
E

P
A

R
A

TI
O

N
 O

F
 S

U
LF

A
TE

 E
ST

ER
S 

B
Y

 C
A

R
- 

B
O

D
IIM

ID
E

-M
E

D
IA

TE
D

 S
U

LF
A

TI
O

N
 

R
al

ph
 O

. 
M

um
m

a,
 

F.
 

J.
 

V
as

to
Ja

 a
nd

 
C

. 
P

. 
H

 ol
be

rg
, 

P
en

ns
yl

va
ni

a 
S

ta
te

 
U

nl
ve

rs
ify

 
I1

:0
0 

86
. 

S
TE

R
E

O
S

P
E

C
lF

IC
 H

Y
D

R
A

TI
O

N
 

O
F

 
U

N
S

A
TU

- 
R

A
TE

D
 F

A
TT

Y
 A

C
ID

S
 B

Y
 B

A
C

TE
R

IA
 

L.
 L

. 
W

al
le

n 
an

d 
E.

 N
. 

D
av

is
, N

or
th

er
n 

R
eg

io
na

l 
R

es
ea

rc
h 

La
bo

ra
to

ry
, 

U
S

D
A

 
11

:2
0 

87
. 

A
LU

M
IN

U
M

 
C

H
LO

R
ID

E
-C

A
TA

LY
ZE

D
 

A
C

Y
LA

- 
T

IO
N

 
R

E
A

C
T

IO
N

S
 

U
S

IN
G

 
IS

O
P

R
O

P
E

N
Y

L 
ES

TE
R

S 
A

S
 A

C
Y

LA
T

IN
G

 A
G

E
N

TS
 

E.
 

S
. 

R
ot

hm
an

 a
nd

 
G

. 
G

. 
M

oo
re

, 
E

as
te

rn
 

R
eg

io
na

l 
R

es
ea

rc
h 

La
bo

ra
to

ry
, 

U
S

D
A

 

W
E

D
N

E
S

D
A

Y
 M

O
R

N
IN

G
m

A
P

R
IL

 2
3 

9=
00

 A
.M

~B
al

lr
oo

m
 

7 
an

d 
8 

S
E

S
S

IO
N

 R
--

S
Y

M
P

O
S

IU
M

: 
TH

E
 L

A
U

R
A

N
C

E
 W

. 
K

IN
S

E
LL

 M
E

M
O

R
IA

L 
S

Y
M

P
O

S
IU

M
 

C
ha

irm
an

--
R

. 
B

. 
A

lfi
n-

S
la

fe
r, 

U
nl

ve
rs

lfy
 o

f 
C

al
ifo

rn
ia

, 
Lo

s 
A

ng
el

es
, 

C
al

if.
 

9:
00

 
IN

TR
O

D
U

C
TI

O
N

 
BY

 C
H

A
IR

M
A

N
 

9:
05

 
88

. 
TH

E
 C

O
N

TR
IB

U
TI

O
N

S
 O

F
 D

R
. 

LA
U

R
A

N
C

E
 W

. 
K

IN
S

E
LL

 
A

N
D

 
C

O
-W

O
R

K
E

R
S

 T
O

 
A

TH
E

R
O

- 
S

C
LE

R
O

S
IS

 R
E

S
E

A
R

C
H

 
H

ug
h 

S
in

de
lr,

 
M

ag
da

le
n 

C
ol

le
ge

, 
O

xf
or

d 
U

n|
- 

ve
rs

ify
, 

E
ng

la
nd

 
9:

30
 

89
. 

C
H

O
LE

S
TY

R
A

M
IN

E
 A

N
D

 
P

O
LY

U
N

S
A

TU
R

A
TE

D
 

FA
T:

 S
IM

IL
A

R
IT

Y
 

O
F 

E
FF

E
C

TS
 IN

 
M

A
N

 
P

et
er

 W
oo

d,
 

H
ig

hl
an

d 
G

en
er

al
 H

os
pi

ta
l 

10
:0

0 
90

. 
E

FF
E

C
T 

O
F 

H
Y

D
R

O
G

E
N

A
TE

D
 F

A
TS

 O
N

 B
LO

O
D

 
C

H
O

LE
S

TE
R

O
L 

IN
 

M
A

N
 

Fr
ed

 M
et

fs
on

, 
Th

e 
P

ro
ct

er
 &

 G
am

bl
e 

C
o.

 
10

:3
0 

91
. 

D
IE

TA
R

Y
 M

A
N

A
G

E
M

E
N

T
 

O
F

 
H

Y
P

E
R

LI
P

E
M

IC
 

S
TA

TE
S

 I
N

 
M

A
N

 
E

dw
in

 L
. 

B
ie

rm
an

, V
A

 H
os

pi
ta

l 
an

d 
U

ni
ve

rs
lfy

 o
f 

W
as

hi
ng

to
n 

I1
:0

0 
92

. 
G

R
A

P
H

IC
 

P
R

E
S

E
N

TA
TI

O
N

 A
N

D
 

A
N

A
LY

S
IS

 
O

F
 

C
O

M
P

U
TE

R
-D

E
R

IV
E

D
 S

C
H

LI
E

R
E

N
 L

IP
O

- 
P

R
O

TE
IN

 D
A

TA
 

Li
n 

C
. 

Ja
ns

en
, 

Th
om

as
 H

. 
R

ic
h 

an
d 

F
ra

nk
 T

. 
Li

nd
gr

en
, 

U
ni

ve
rs

ity
 o

f 
C

al
ifo

rn
ia

 
11

:3
0 

93
. 

TH
E

 
M

E
TA

B
O

LI
S

M
 O

F 
U

N
S

A
TU

R
A

TE
D

 F
A

TT
Y

 
A

C
ID

S
 I

N
 R

A
TS

 F
ED

 D
L-

M
E

TH
IO

N
IN

E
 

R
ic

ha
rd

 L
. 

Ly
m

an
, C

. 
G

la
re

s,
 M

. 
A

. 
Fo

sm
lre

 a
nd

 
P.

 M
ili

en
lc

h,
 

U
ni

ve
rs

ity
 o

f 
C

al
ifo

rn
ia

 
12

:0
0 

94
. 

S
O

M
E

 
R

E
LA

T
IO

N
S

H
IP

S
 O

F
 

P
O

LY
U

N
S

A
TU

- 
R

A
T

E
D

 
F

A
T

T
Y

 
A

C
ID

 
M

E
T

A
B

O
LI

S
M

 
T

O
 

A
TH

E
R

O
S

C
LE

R
O

S
IS

 
Ja

m
es

 
F.

 
M

ea
d 

an
d 

D
. 

F.
 H

eg
ge

rt
y,

 J
r.,

 
U

ni
- 

ve
rs

ity
 o

f 
C

al
ifo

rn
ia

 

W
E

D
N

E
S

D
A

Y
 M

O
R

N
IN

G
--

A
P

R
IL

 2
3 

9:
00

 A
.M

.~
B

al
lr

oo
m

 
9 

S
E

S
S

IO
N

 N
3-

-S
Y

M
P

O
S

IU
M

: 
M

E
M

B
R

A
N

E
 

M
O

D
E

L 
SY

ST
EM

S 
S

E
S

S
IO

N
 I

I--
P

R
O

TE
IN

S
 

A
N

D
 

LI
P

ID
-P

R
O

TB
N

 
IN

TE
R

A
C

TI
O

N
S

 
C

ha
lrm

an
m

S
. 

J.
 S

in
ge

r,
 U

ni
ve

rs
lfy

 o
f 

C
al

ifo
rn

ia
, 

S
an

 D
ie

go
, 

C
al

if.
 

9:
00

 

9:
20

 
95

. 

9:
40

 
10

:0
0 

96
. 

10
:2

0 
10

:4
0 

10
:5

0 
97

. 

I1
:1

0 
I 1

:3
0 

I I
 ,S

0 

IN
TR

O
D

U
C

TO
R

Y
 R

E
M

A
R

K
S

 
D

. 
W

. 
U

rr
y,

 A
m

er
ic

an
 M

ed
ic

al
 A

ss
oc

ia
tio

n 
U

SE
 O

F
 O

P
TI

C
A

L 
R

O
TA

TI
O

N
 

IN
 

D
E

TE
R

M
IN

- 
IN

G
 

C
O

N
F

O
R

M
A

T
IO

N
 

O
F 

P
R

O
TE

IN
 W

IT
H

IN
 

M
E

M
B

R
A

N
E

S
 

D
. 

W
. 

U
rr

y,
 A

m
er

ic
an

 M
ed

ic
al

 A
ss

oc
ia

tio
n 

D
IS

C
U

S
S

IO
N

 
P

R
O

TE
IN

 C
O

N
F

O
R

M
A

T
IO

N
 A

N
D

 
M

E
M

B
R

A
N

E
 

S
TR

U
C

TU
 R

E 
S

. 
J.

 
S

in
ge

r,
 U

n[
ve

rs
lty

 o
f 

C
al

ifo
rn

ia
 

D
IS

C
U

S
S

IO
N

 
IN

TE
R

M
IS

S
IO

N
 

TE
M

P
E

R
A

TU
R

E
 D

E
P

E
N

D
E

N
C

E
 O

F
 

TH
E

 
C

O
N

- 
FO

R
M

A
TI

O
N

 
O

F
 H

U
M

A
N

 
S

E
R

U
M

 L
O

W
 A

N
D

 
H

IG
H

 
D

E
N

S
IT

Y
 L

IP
O

P
R

O
TE

IN
S

 
A

. 
M

. 
S

ca
nu

, 
U

ni
ve

rs
ity

 o
f 

C
hi

ca
go

 
D

IS
C

U
S

S
IO

N
 

98
. 

P
H

Y
S

IC
A

L 
S

T
U

D
IE

S
 O

F
 

LI
P

ID
-P

O
LY

P
E

P
TI

D
E

 
A

N
D

 
LI

P
ID

-P
R

O
TE

IN
 I

N
TE

R
A

C
TI

O
N

S
 

D
. 

C
ha

pm
an

. 
U

ni
le

ve
r, 

E
ng

la
nd

 
D

IS
C

U
S

S
IO

N
 

W
E

D
N

E
S

D
A

Y
 M

O
R

N
IN

G
--

A
P

R
IL

 2
3 

9:
00

 A
.M

.m
B

al
lr

oo
m

 
6 

S
E

S
S

IO
N

 S
--

A
N

A
LY

T
IC

A
L 

I 
C

ha
lrm

an
--

Ja
m

es
 

A
. 

Th
om

ps
on

, 
B

as
ic

 V
eg

et
ab

le
 

P
ro

du
ct

s,
 

V
ac

av
ill

e,
 C

al
if.

 

9:
00

 
99

. 
P

R
E

P
A

R
A

TI
V

E
 F

R
A

C
TI

O
N

A
TI

O
N

 
B

Y
 F

R
O

N
TA

L 
C

O
U

N
TE

R
C

U
R

R
E

N
T 

D
IS

TR
IB

U
TI

O
N

 
R

. A
. 

B
er

fo
rd

, R
. J

. 
B

er
ts

ch
 a

nd
 H

. 
L.

 R
of

hb
a~

, 
E

as
te

rn
 

U
til

iz
at

io
n 

R
es

ea
rc

h 
an

d 
D

ev
el

op
m

en
t 

D
iv

is
io

n,
 

U
S

D
A

 
9:

20
 

10
0.

 A
N

 U
N

U
S

U
A

L 
N

IT
R

O
G

EN
-C

O
N

TA
IN

IN
G

 
LI

P
ID

 
FR

O
M

 
C

O
R

D
IA

 
V

E
R

B
E

N
A

C
E

A
E

 S
E

E
D

 O
IL

 
K

. 
L.

 M
ik

ol
ai

cz
ak

, 
D

. 
S

. 
S

ei
gl

er
, 

C
. 

R
. 

S
m

ith
, 

Jr
. 

an
d 

I. 
A

. 
W

ol
ff,

 
N

or
th

er
n 

R
eg

io
na

l 
R

es
ea

rc
h 

La
bo

ra
to

ry
, 

U
S

D
A

 
9:

40
 1

01
. N

E
W

 
S

O
U

R
C

E
S

 O
F

 
9-

D
-H

Y
D

R
O

X
Y

-C
IS

-1
2-

 
O

C
TA

D
E

C
E

N
O

IC
 

A
C

ID
 

R
. 

G
. 

P
ow

el
l, 

R
. 

K
le

im
an

 a
nd

 C
. 

R
. 

S
m

ith
, 

Jr
. 

N
or

th
er

n 
R

eg
io

na
l R

es
ea

rc
h 

La
bo

ra
to

ry
, 

U
S

D
A

 
10

"0
0 

10
2.

 O
X

Y
G

E
N

A
TE

D
 T

R
A

N
S

-3
-O

LE
FI

N
IC

 A
C

ID
S

 
O

F
 

S
TE

N
A

C
H

A
E

N
IU

M
 

S
E

E
D

 O
IL

 
R

. 
K

le
im

an
, G

. 
F.

 
S

pe
nc

er
, 

L.
 

W
. 

T
ja

rk
s 

an
d 

F.
 R

. 
E

ar
le

, N
or

th
er

n 
R

eg
io

na
l 

R
es

ea
rc

h 
La

bo
ra

- 
to

ry
, 

U
S

D
A

 
10

:2
0 

10
3.

 C
O

R
R

E
LA

TI
O

N
 

O
F

 
S

O
LU

B
IL

IT
Y

 D
A

TA
: 

II
I.

 
TH

E
 

IS
O

P
LE

T
H

 R
E

FE
R

E
N

C
E

 M
E

TH
O

D
 

FO
R

 
P

R
E

D
IC

TI
N

G
 

S
O

LU
B

IL
IT

Y
 D

A
TA

 
FO

R
 

LO
N

G
 

C
H

A
IN

 
H

O
M

O
LO

G
O

U
S

 
A

N
D

 
A

N
A

LO
G

O
U

S
 

C
O

M
P

O
U

N
D

S
 

A
ug

us
t 

V
. 

B
ai

le
y,

 J
am

es
 A

. 
H

ar
ris

 
an

d 
E

va
ld

 
L.

 S
ka

u,
 S

ou
th

er
n 

U
til

iz
at

io
n 

R
es

ea
rc

h 
an

d 
D

e-
 

ve
lo

pm
en

t 
D

iv
is

io
n,

 U
S

D
A

 



10
:4

0 
10

4.
 

II
:0

0 
10

5.
 

11
:2

0 
10

6.
 K

IN
E

TI
C

 
R

A
T

E
 C

O
N

S
TA

N
TS

 D
E

TE
R

M
IN

E
D

 B
Y

 
A

 
D

IG
IT

A
L 

C
O

M
P

jU
TE

R
 

R
. 

O
. 

B
uf

fe
rf

ie
ld

, 
N

or
th

er
n 

R
eg

io
na

l 
R

es
ea

rc
h 

La
bo

ra
to

ry
, 

U
S

D
A

 
S

O
M

E
 

P
A

R
A

M
E

TE
R

S
 O

F 
C

U
P

R
IC

 
S

A
LT

S
 O

F
 

FA
TT

Y
 A

C
ID

S
 W

IT
H

 
R

E
FE

R
E

N
C

E
 T

O
 A

N
A

LY
T-

 
IC

A
L 

~ U
S

A
G

E
 

R
ob

er
t 

R
, 

Lo
w

ry
 a

nd
 

la
n 

J.
 

T
in

sl
ey

, 
O

re
go

n 
S

ta
te

 
U

 rii
ve

rs
ity

 
A

C
O

U
S

T
IC

 
C

H
A

R
A

C
TE

R
IS

TI
C

S
 

O
F

 
S

O
M

E
 

FA
TS

 A
N

D
 

O
IL

S
 

G
.O

. 
H

us
ta

d,
 T

. 
R

ic
ha

rd
so

n,
 W

. 
C

. 
W

~n
de

r a
nd

 
M

. 
P

. 
D

ea
n,

 U
ni

ve
rs

ity
 o

f 
W

is
co

ns
in

 

W
E

D
N

E
S

D
A

Y
 A

FT
E

R
N

O
O

N
m

A
P

R
IL

 2
3 

2:
00

 
P

.M
.--

Te
ak

w
oo

d 
R

oo
m

 

SE
SS

IO
N

 T
--

C
H

R
O

M
A

T
O

G
R

A
P

H
Y

 I
N

 L
IP

ID
 

A
N

A
LY

S
IS

 
C

ha
irm

ar
~-

,R
en

da
ll 

W
oo

d,
 

O
ak

rid
ge

 
A

ss
oc

ia
te

d 
U

ni
ve

rs
ity

, 
O

ak
rid

ge
, 

Te
nn

. 

2.
'0

0 
10

7.
 A

 
S

IM
pL

!F
IE

D
 

P
R

E
P

A
R

A
TI

V
E

 T
H

IN
 

LA
Y

E
R

 
C

H
R

O
M

A
T

O
G

R
A

P
H

Y
 O

F
 

P
H

O
S

P
H

O
LI

P
ID

S
 

Ja
m

es
 M

. 
la

o0
no

 
an

d 
Te

rr
y 

T.
 

Is
hi

ka
w

a,
 U

ni
- 

ve
rs

ity
 o

f 
C

in
ci

nn
at

i 
M

ed
ic

al
 C

ol
le

ge
 

2:
20

 1
08

. T
H

E
 

P
H

O
S

P
H

A
TI

D
E

S
 O

F
 

S
A

FF
LO

W
E

R
 S

E
E

D
S

 
A

N
D

 =
T

H
E

IR
 C

O
N

TR
IB

U
TI

O
N

 
T

O
 

P
IG

M
E

N
T 

FO
R

M
A

TI
O

N
 

O
C

C
A

S
IO

N
A

LL
Y

 
O

C
C

U
R

R
IN

G
 

IN
 

E
X

TR
A

C
TE

D
 O

IL
S

 
H

. 
J.

 
B

ur
kh

ar
dt

, 
W

es
te

rn
 R

eg
io

na
l 

R
es

ea
rc

h 
La

bo
ra

to
ry

, 
U

S
D

A
 

2:
40

 1
09

. G
A

S
 

C
H

R
O

M
A

T
O

G
R

A
P

H
IC

 
E

O
U

IV
A

LE
N

T 
C

H
A

IN
 

LE
N

G
TH

S
 

O
F

 
IS

O
M

E
R

IC
 

M
E

T
H

Y
L 

O
C

TA
D

E
C

E
N

O
A

TE
S

 A
N

D
 

O
C

TA
D

E
C

Y
N

O
A

TS
 

C
. 

R
. 

S
ch

ol
fie

ld
 

en
d 

H
. 

J.
 

D
ut

to
n,

 
N

or
th

er
n 

R
eq

lo
na

l 
R

es
ea

rc
h 

La
bo

ra
to

ry
, 

U
S

D
A

 
3:

00
 I

I0
. 

D
E

TE
C

TI
O

N
 O

F
 

U
N

U
S

U
A

L 
C

O
M

P
O

N
E

N
TS

 B
Y

 
D

IR
E

C
T

 
G

A
S

 
LI

O
U

ID
 

C
H

R
O

M
A

T
O

G
R

A
P

H
Y

 
O

F
 S

E
E

D
 O

IL
S

 
R

. 
K

le
lm

an
, 

J.
 

W
. 

H
ag

em
an

n,
 F

. 
R

. 
E

ar
le

 a
nd

 
I. 

A
. 

W
ol

ff,
 

N
or

th
er

n 
R

eg
io

na
l 

R
es

ea
rc

h 
La

bo
ra

- 
to

ry
, 

U
S

D
A

 
3

:2
0

 
IN

TE
R

M
IS

S
IO

N
 

3:
30

 I
I1

. 
O

U
A

N
TI

TA
TI

V
E

 D
E

TE
R

M
IN

A
TI

O
N

 O
F

 M
O

N
O

- 
A

N
D

 
D

IG
LY

C
E

R
ID

E
S

 B
Y

 G
A

S
 L

IQ
U

ID
 C

H
R

O
- 

M
A

TO
G

R
A

P
H

Y
 

J.
 B

lu
m

 a
nd

 W
. 

R
. 

K
oe

hl
er

, L
ev

er
 B

ro
th

er
s 

C
o.

 
3:

60
 1

12
. C

O
M

B
IN

E
D

 
U

LT
R

A
M

IC
R

O
 

D
R

Y
 

C
O

LU
M

N
 

C
H

R
O

M
A

T
O

G
R

A
P

H
Y

 A
N

D
 M

A
S

S
 S

P
E

C
TR

O
M

- 
E

TR
Y

 O
F

 
U

P
ID

 C
LA

S
S

E
S

 
A

. 
J.

 B
au

m
an

 a
nd

 H
ei

nz
 G

. 
B

oe
ttg

er
, 

C
al

;fo
rn

ia
 

In
st

itu
te

 o
f 

Te
ch

no
lo

gy
 

4:
10

 1
13

. T
E

C
H

N
IO

U
E

S
 A

N
D

 O
U

A
N

T
IT

A
T

IO
N

 O
F

 P
R

O
- 

G
R

A
M

M
E

D
 T

E
M

P
E

R
A

TU
R

E
 G

LC
 F

O
R

 D
E

TE
C

T*
 

IN
G

 
F

A
T

T
Y

 A
C

ID
S

 
P

R
E

S
E

N
T 

IN
 

S
U

B
-M

IC
R

O
* 

G
R

A
M

 A
M

O
U

N
T

S
 

Jo
hn

 
L.

 I
ve

rs
on

, 
F

oo
d 

an
d 

D
ru

g 
A

dm
in

is
tra

tio
n 

4:
30

 1
14

. I
S

O
LA

TI
O

N
 A

N
D

 D
E

TE
R

M
IN

A
TI

O
N

 O
F

 T
R

A
C

E
 

A
M

O
U

N
T

S
 O

F
 F

A
TT

Y
 A

M
IN

E
S

 A
N

D
 

R
E

LA
TE

D
 

C
O

M
P

O
U

N
D

S
 

L.
 D

. 
M

ef
ca

lfe
, 

R
. J

. 
M

ar
tin

 e
nd

 W
. 

A
. 

W
ag

ne
r, 

A
rm

ou
r 

In
du

st
ria

l 
C

he
m

ic
al

 C
o.

 

W
E

D
N

E
S

D
A

Y
 A

FT
E

R
N

O
O

N
m

A
P

R
IL

 2
3 

2:
00

 P
.M

.--
-B

al
lro

om
 

7 
an

d 
8 

S
E

S
S

IO
N

 U
--

A
F

LA
T

O
X

IN
 I

 
C

ha
ir

m
en

--
W

al
te

r 
A

. 
P

on
s,

 J
r.

, 
S

ou
th

er
n 

R
eg

io
na

l R
es

ea
rc

h 
La

bo
ra

to
ry

, 
N

ew
 O

rle
an

s,
 L

a.
 

2:
00

 1
15

. D
E

TE
R

M
IN

A
TI

O
N

 O
F

 A
FL

A
TO

X
IN

S
 I

N
 P

E
A

N
U

T 
S

O
A

P
S

TO
C

K
S

 
A

. 
F.

 C
uc

ul
lu

, 
L.

 S
. 

Le
e,

 W
. 

A
. 

P
an

s,
 J

r,
 

an
d 

L.
 

A
. 

G
ol

db
la

ff
, 

S
ou

th
er

n 
U

til
iz

at
io

n 
R

es
ea

rc
h 

an
d 

D
ev

el
op

m
en

t 
D

iv
is

io
n,

 U
S

D
A

 
2:

20
 1

16
. R

E
C

O
V

E
R

Y
 O

F
 

A
FL

A
TO

X
IN

S
 

P
R

O
M

 
A

R
TI

FI
- 

C
IA

LL
Y

 I
N

O
C

U
LA

TE
D

 T
O

B
A

C
C

O
 

C
. 

Y
. 

Y
on

g 
en

d 
F.

 
F.

 
F

an
nl

n,
 U

ni
ve

rs
ity

 
o

f 
K

en
tu

ck
y 

2:
40

 1
17

, D
E

C
O

M
P

O
S

IT
IO

N
 O

F
 A

FL
A

TO
X

IN
S

 I
N

 A
O

U
E

- 
O

U
S

 S
O

LU
TI

O
N

: 
E

FF
E

C
TS

 O
F

 P
H

 A
N

D
 

H
E

A
T 

H
ar

ry
 W

. 
S

ch
ro

ed
er

 a
nd

 H
ug

o 
H

ei
n,

 J
r.,

 M
ar

ke
t 

Q
ua

lit
y 

R
es

ea
rc

h 
D

iv
is

io
n,

 U
S

D
A

 
3:

00
 l

iB
. 

O
X

ID
A

T
IO

N
 

O
F

 
6-

M
E

TH
O

X
Y

D
IF

U
R

O
C

O
U

, 
M

A
R

O
N

E
 

M
ab

ry
 W

ile
y 

an
d 

A
nt

ho
ny

 C
. 

W
ai

ss
, J

r.,
 W

es
te

rn
 

U
til

iz
at

io
n 

R
es

ea
rc

h 
an

d 
D

ev
el

op
m

en
t 

D
iv

ls
~o

n,
 

U
S

D
A

 
3:

20
 1

19
. S

TA
B

IL
IT

Y
 O

F 
A

FL
A

TO
X

IN
 

S
TA

N
D

A
R

D
S

 
IN

 
S

O
LU

TI
O

N
 

A
N

D
 

D
R

Y
 F

IL
M

 
J.

 
A

. 
R

ol
oe

rts
on

, W
. 

A
. 

P
an

s,
 J

r. 
an

d 
L.

 
A

. 
G

ol
db

la
ff

, 
S

ou
th

er
n 

U
til

iz
at

io
n 

R
es

ea
rc

h 
an

d 
D

ev
el

op
m

en
t 

D
iv

is
io

n,
 U

S
D

A
 

3:
40

 1
20

. A
 

S
T

U
D

Y
 O

F
 T

H
E

 V
A

R
IA

B
IL

IT
Y

 A
S

S
O

C
IA

TE
D

 
W

IT
H

 
S

A
M

P
LI

N
G

 
P

E
A

N
U

TS
 F

O
R

 A
FL

A
TO

X
IN

 
P

et
er

 J
. 

T;
em

sf
ra

, D
er

by
 F

oo
ds

, I
nc

. 
4:

00
 1

21
. A

FL
A

TO
X

IN
S

 
IN

 
C

O
TT

O
N

S
E

E
D

 H
U

LL
S

 
M

. 
E.

 W
hi

tte
n,

 
M

ar
ke

t 
Q

ua
lit

y 
R

es
ea

rc
h 

D
iv

is
io

n,
 

U
S

D
A

 
4:

20
 1

22
. S

U
R

V
E

Y
 O

F
 

C
O

R
N

 
FO

R
 T

H
E

 
P

R
E

S
E

N
C

E
 O

F
 

A
FL

A
TO

X
IN

, 
ZE

A
R

A
LE

N
O

N
E

 
A

N
D

 
O

C
H

R
A

- 
TO

X
IN

 
O

de
tt

e 
L.

 S
ho

tw
el

l, 
C

. 
W

. 
H

es
se

lfi
ne

 a
nd

 M
ar

;o
n 

L.
 

G
ou

ld
en

, 
N

or
th

er
n 

U
til

iz
at

io
n 

R
es

ea
rc

h 
an

d 
D

ev
el

op
m

en
t 

D
iv

is
io

n,
 U

S
D

A
 

4:
40

 1
23

. C
H

E
M

IC
A

L 
IN

A
C

T
IV

A
T

IO
N

 O
F

 
A

FL
A

TO
X

IN
S

 
IN

 
O

IL
S

E
E

D
 M

E
A

LS
 

G
. 

E.
 M

an
n,

 L
. 

P.
 C

od
lfe

r,
 J

r.
, 

H
. 

K
. G

ar
dn

er
, 

Jr
., 

F.
 G

. 
D

ol
le

ar
 a

nd
 S

. 
P.

 K
ol

tu
n,

 S
ou

th
er

n 
U

til
iz

a-
 

tio
n 

R
es

ea
rc

h 
an

d 
D

ev
el

op
m

en
t 

D
iv

ls
lo

n,
 U

S
D

A
 

6:
00

 1
24

. A
LT

E
R

N
A

TI
V

E
S

 I
N

 
A

FL
A

TO
X

IN
 

M
E

TH
O

D
O

L-
 

O
G

Y
 

M
. 

S
. 

M
as

rl 
en

d 
Ja

n 
R

. 
P

ag
e,

 W
es

te
rn

 U
til

iz
a-

 
tio

n 
R

es
ea

rc
h 

an
d 

D
ev

el
op

m
en

t 
D

iv
is

io
n,

 U
S

D
A

 

W
E

D
N

E
S

D
A

Y
 A

FT
E

R
N

O
O

N
--

A
P

R
IL

 2
3 

2:
00

 P
.M

.m
B

al
tr

oo
m

 
9 

SE
SS

IO
N

 N
4-

--
S

Y
M

P
O

S
IU

M
: 

M
E

M
B

R
A

N
E

 
M

O
D

E
L 

SY
ST

EM
S 

S
E

S
S

IO
N

 I
II

m
B

IO
LO

G
IC

A
L 

M
E

M
B

R
A

N
E

S
 

C
ha

lrr
na

n-
-A

. 
A

. 
B

en
so

n,
 U

n~
ve

rs
lty

 o
f 

C
al

ifo
rn

ia
, 

S
an

 
D

ie
go

, 
C

al
if.

 

2:
00

 
IN

TR
O

D
U

C
TO

R
Y

 R
E

M
A

R
K

S
 

A
. 

A
. 

B
en

so
n 

2:
20

 1
25

. M
O

LE
C

U
LA

R
 S

TR
U

C
TU

R
E

 A
N

D
 F

U
N

C
TI

O
N

 O
F

 
C

E
LL

U
LA

R
 M

E
M

B
R

A
N

E
 

F.
 S

. 
S

io
st

ra
nd

, 
U

ni
ve

rs
ity

 o
f 

C
al

ifo
rn

ia
 

2
:4

0
 

D
IS

C
U

S
S

IO
N

 
3:

00
 1

26
. S

E
LE

C
TI

V
E

 
R

E
M

O
V

A
L 

O
F

 
M

Y
C

O
P

LA
S

M
A

 
M

E
M

B
R

A
N

E
 C

O
M

P
O

N
E

N
TS

 
T.

 M
. 

T
er

ry
, A

lb
er

t 
E

in
st

ei
n 

C
ol

le
ge

 o
f 

M
ed

ic
in

e 
3:

20
 

D
IS

C
U

S
S

IO
N

 
3

:4
0

 
IN

T
E

R
M

IS
S

IO
N

 
3:

50
 1

27
. B

IO
LO

G
IC

A
L 

E
FF

E
C

TS
 O

F
 

C
H

A
N

G
E

S
 

IN
 

FA
TT

Y
 A

C
Y

L 
G

R
O

U
P

S
 IN

 
M

E
M

B
R

A
N

E
 P

O
LA

R
 

LI
P

ID
S

 
M

. 
To

ur
te

l|o
ffe

 
an

d 
R

. 
N

. 
M

cE
Ih

an
ey

, U
nl

ve
rs

lfy
 

o
f 

C
on

ne
ct

ic
ut

 
4:

10
 

D
IS

C
U

S
S

IO
N

 
4:

30
 

12
8.

 T
H

E
R

M
A

L 
P

H
A

S
E

 T
R

A
N

S
IT

IO
N

S
 I

N
 B

IO
LO

G
I,.

 
C

A
L 

M
E

M
B

R
A

N
E

S
 

J.
 

M
. 

S
fe

]m
, 

B
ro

w
n 

U
n~

ve
rs

lfy
 

4
:S

0
 

D
IS

C
U

S
S

IO
N

 

W
E

D
N

E
S

D
A

Y
 A

FT
E

R
N

O
O

N
m

A
P

R
IL

 2
3 

2:
00

 P
.M

.-
-B

al
lr

oo
m

 6
 

SE
SS

IO
N

 V
m

FL
A

V
O

R
 A

N
D

 O
D

O
R

 I
N

 F
A

TS
 

A
N

D
 O

IL
S

 
C

ha
irm

an
--

Th
om

as
 H

. 
S

m
ou

se
, A

nd
er

so
n,

 C
la

yt
on

 
&

 
C

o.
, 

R
ic

ha
rd

so
n,

 T
ex

as
 

2:
00

 1
29

. V
O

LA
T

IL
E

S
 

FR
O

M
 

H
IG

H
 

TE
M

P
E

R
A

TU
R

E
 

O
X

ID
A

T
IO

N
 

O
F

 
C

IS
-7

-T
E

TR
A

D
E

C
E

N
E

 
R

. J
. 

H
oP

,a
t, 

W
es

te
r--

"n
 R

eg
io

na
l R

es
ea

rc
h 

La
bo

re
- 

'to
ry

, 
U

S
D

A
 

2:
20

 1
30

. R
O

A
S

TE
D

 P
E

A
N

U
T

 F
LA

V
O

R
 

G
eo

rg
e 

R
. 

W
al

le
r, 

B
ob

by
 R

. 
Jo

hn
so

n,
 P

hi
lip

 
E.

 
K

oe
hl

er
, G

eo
rg

e 
V

. 
O

de
ll 

an
d 

M
ic

ha
el

 E
. 

M
as

on
, 

O
kl

ah
om

a 
S

ta
te

 
U

ni
ve

rs
ity

 
2:

40
 1

31
. O

X
ID

A
T

IO
N

 
A

N
D

 
F

LA
V

O
R

 D
E

TE
R

IO
R

A
TI

O
N

 
O

F 
O

IL
S

 A
N

D
 

M
A

R
G

A
R

IN
E

S
 D

U
R

IN
G

 S
H

A
L-

 
LO

W
 

P
A

N
 

FR
Y

IN
G

 
U

lla
 

H
ol

m
 

an
d 

Li
lle

m
or

 
F

re
dh

ol
m

, 
M

ar
ga

l"i
n-

 
To

ol
ag

et
 A

B
 T

ec
hn

ic
al

 D
ep

ar
tm

en
t, 

S
w

ed
en

 
3:

00
 1

32
. V

O
LA

TI
LE

 
C

O
M

P
O

U
N

D
S

 
F

R
O

M
 T

H
E

R
M

A
LL

Y
 

O
X

ID
IZ

E
D

 M
E

T
H

Y
L 

O
LE

A
TE

 
D

. 
A

. 
W

lth
yc

om
be

, 
M

ea
d 

Jo
hn

so
n 

an
d 

C
o.

, 
L.

 M
. 

Li
bb

ey
 a

nd
 R

. 
C

. 
Li

nd
sa

y 
3

:2
0

 
IN

T
E

R
M

IS
S

IO
N

 



3=
30

 1
33

. 

3:
50

 
13

4.
 

4:
10

 
13

5.
 TH

E
 

R
O

LE
 O

F
 

E
S

S
E

N
TI

A
L 

O
IL

S
 

O
F

 
R

A
N

G
E

 
A

N
D

 
FO

R
A

G
E

 
P

LA
N

TS
 

IN
 

IN
F

LU
E

N
C

IN
G

 
A

N
IM

A
L 

A
C

C
E

P
TA

N
C

E
 

G
eo

rg
e 

V
. 

O
de

ll,
 C

ha
rle

s 
J.

 
R

ud
ol

ph
, 

M
ic

ha
el

 
R

. 
M

cG
ee

ho
n,

 
W

in
lfr

ed
 

E.
 

M
cM

ur
ph

y 
an

d 
G

eo
rg

e 
R

. 
W

al
le

r, 
O

kl
ah

om
a 

S
ta

te
 

U
ni

ve
rs

ity
 

TH
E

 
G

A
S

 
LI

O
U

ID
 

C
H

R
O

M
A

T
O

G
R

A
P

H
Y

 
O

F
 

N
IT

R
O

 A
N

D
 C

H
LO

R
O

 S
U

B
S

TI
TU

TE
D

 P
H

E
N

Y
L-

 
H

Y
D

R
A

ZO
N

E
S

 
O

F
 

N
-A

LK
A

N
A

LS
 

A
N

D
 

N
- 

M
E

TH
Y

L 
K

E
TO

N
E

S
 A

N
D

 
S

Y
N

-A
N

TI
 

IS
O

M
E

R
-S

 
R

. 
C

. 
Tr

ip
p,

 T
. 

R
ic

ha
rd

so
n,

 C
. 

H
. 

A
m

un
ds

on
 a

nd
 

J.
 

H
. 

va
n 

E
lb

e,
 U

ni
ve

rs
ity

 o
f 

W
is

co
ns

in
 

R
E

A
C

TI
O

N
S

 
O

F
 

F
A

I-
I'Y

 A
LD

E
H

Y
D

E
S

 W
IT

H
 

FA
TT

Y
 A

LC
O

H
O

LS
: 

FO
R

M
A

TI
O

N
 

O
F

 
A

C
E

- 
TA

LS
, 

H
E

M
IA

C
E

TA
LS

 A
N

D
 A

LK
-I-

E
N

Y
L 

A
LK

Y
L 

ET
H

ER
S 

V
. 

M
ah

ad
ev

an
, V

A
 H

os
pi

ta
l 

TH
U

R
S

D
A

Y
 

M
O

R
N

IN
G

--
A

P
R

IL
 

24
 

9:
00

 A
.M

.--
Te

aE
w

oo
d 

R
oo

m
 

SE
SS

IO
N

 W
--

S
Y

M
P

O
S

IU
M

: 
P

O
LL

U
TI

O
N

 
C

O
N

TR
O

L 
C

ha
irm

an
--

Fr
an

cl
s 

S
co

fie
ld

, 
N

ot
io

na
l 

P
ai

nt
, 

V
ar

ni
sh

 
&

 
La

cq
ue

r 
A

ss
oc

ia
tio

n,
 W

as
hi

ng
to

n,
 

D
.C

. 

9
"0

0
 

IN
TR

O
D

U
C

TO
R

Y
 R

E
M

A
R

K
S

 
F

ra
nc

is
 S

co
fie

ld
 

9=
10

 1
36

. 'R
E

G
U

LA
T

IO
N

S
 

C
O

N
T

R
O

LL
IN

G
 

S
O

LV
E

N
T

 
E

M
IS

S
IO

N
S

 
M

ilt
on

 F
el

ds
te

~n
, B

ay
 A

re
a 

A
ir

 
P

ol
!u

tlo
n 

C
on

tr
ol

 
D

is
tr

ic
t 

9:
30

 1
37

. P
E

TR
O

LE
U

M
 S

O
LV

E
N

TS
 C

O
N

F
O

R
M

IN
G

 
T

O
 

A
IR

 P
O

LL
U

TI
O

N
 C

O
N

TR
O

L 
R

E
G

U
LA

TI
O

N
S

 
B

er
t 

S
ip

pl
e,

 S
he

ll 
C

he
m

ic
al

 C
o.

 
9:

S
0 

13
8.

 E
M

IS
S

IO
N

 C
O

N
TR

O
L 

B
Y

 C
O

M
B

U
S

TI
O

N
 

L.
 C

. 
H

ar
di

so
n,

 R
ob

er
t 

B.
 T

ay
lo

r 
an

d 
O

tt
o 

M
. 

Ik
ed

a,
 U

O
P

 A
ir

 C
or

re
ct

io
n 

D
iv

is
io

n 
10

:1
0 

13
9.

 W
A

S
TE

 T
R

E
A

TM
E

N
T 

Ja
m

es
 R

. 
M

cF
ar

la
nd

, 
S

w
ift

 &
 C

om
pa

ny
 

1
0

:3
0

 
P

A
N

E
L

 D
IS

C
U

S
S

IO
N

 

TH
U

R
S

D
A

Y
 

M
O

R
N

IN
G

--
A

P
R

IL
 2

4 
9:

00
 A

.M
.-

-B
al

lro
om

 4
 

S
E

S
S

IO
N

 X
--

N
U

T
R

IT
IO

N
 

II 
C

ha
irm

an
--

G
eo

rg
e 

V
ah

ou
ny

, G
eo

rg
e 

W
as

hi
ng

to
n 

U
ni

ve
rs

ity
, 

W
as

hi
ng

to
n,

 D
.C

. 

9:
00

 1
40

. T
H

E
 

E
FF

E
C

T 
O

F
 

IN
H

IB
IT

O
R

S
 

O
F

 
C

H
O

LE
S

- 
TE

R
O

L 
S

Y
N

TH
E

S
IS

 O
N

 
M

Y
E

LI
N

 
FO

R
M

A
TI

O
N

 
M

ar
io

n 
E.

 S
m

ith
, 

R
em

o 
Fu

m
ag

al
li 

an
d 

R
od

ol
fo

 
P

ao
le

i¢
i, 

V
A

 H
os

pi
ta

l 

9:
20

 1
41

. I
N

 V
IT

R
O

 S
TU

D
IE

S
 O

N
 C

H
O

LE
S

TE
R

O
L 

M
E

TA
B

- 
O

LI
S

M
 I

N
 T

H
E

 B
LO

O
D

 F
LU

K
E

 S
C

H
IS

TO
S

O
M

A
 

M
A

N
S

O
N

I 
Th

om
as

 M
. 

S
m

ith
 a

nd
 

Th
om

as
 J

. 
B

ro
ok

s,
 J

r.,
 

U
ni

ve
rs

ity
 o

f 
M

~s
s~

ss
~p

p[
 

9:
40

 1
42

. T
H

E
 

M
E

TA
B

O
LI

C
 

F
A

T
E

 O
F

 
C

H
O

LE
S

TE
R

O
L 

E
P

O
X

ID
E

 I
N

 T
H

E
 R

A
T 

Jo
se

ph
 A

. 
Fi

or
lfl

, 
M

ar
ily

n 
N

. 
G

eo
rg

e 
an

d 
R

ex
 

d.
 S

im
s,

 G
en

er
al

 F
oo

ds
 C

or
p.

 
10

:0
0 

14
3.

 L
IP

A
S

E
, 

E
S

TE
R

A
S

E
 A

N
D

 
P

H
O

S
P

H
O

LI
P

A
S

E
 

A
C

TI
V

IT
IE

S
 

O
F

 
LY

S
O

S
O

M
E

S
 A

N
D

 
A

 
S

E
N

S
I- 

TI
V

E
 M

E
A

S
U

R
E

M
E

N
T 

O
F

 F
A

TT
Y

 A
C

ID
 R

E
LE

A
S

E
 

C
or

e 
J.

 
D

ill
ar

d,
 

A
. 

L.
 

Ta
pp

el
, 

K
. 

H
ay

as
e,

 S
. 

M
ah

ad
ev

an
 

an
d 

A
. 

M
el

lo
rs

, 
U

ni
ve

rs
ity

 
of

 
C

al
ifo

rn
ia

 
10

:2
0 

14
4.

 S
TU

D
IE

S
 IN

 F
A

TT
Y

 A
C

ID
 S

Y
N

TH
E

S
IS

 B
Y

 C
E

LL
- 

FR
E

E
 P

R
E

P
A

R
A

TI
O

N
S

 O
F

 
LA

C
TA

TI
N

G
 

M
A

M
- 

M
A

R
Y

 G
LA

N
D

 O
F

 T
H

E
 M

O
N

G
O

LI
A

N
 G

E
R

B
IL

 
Jo

hn
 

G
. 

C
on

ig
lio

 
an

d 
R

ay
m

on
d 

B.
 

B
rid

ge
s,

 
V

an
de

rb
flt

 
U

ni
ve

rs
ity

 S
ch

oo
l o

f 
M

ed
ic

in
e 

10
:4

0 
14

5.
 F

A
T

T
Y

 
A

C
ID

 
M

E
TA

B
O

LI
S

M
 

O
F

 
C

O
H

O
 

S
A

LM
O

N
 

U
N

D
E

R
 

P
E

N
TA

C
H

LO
R

O
P

H
E

N
O

L 
A

N
D

 
S

U
B

M
A

IN
TE

N
A

N
C

E
 

D
IE

T 
D

av
id

 
F.

-H
an

es
, 

H
ug

o 
M

. 
K

ru
eg

er
 e

nd
 

R
ob

er
t 

R
. 

Lo
w

ry
, O

re
go

n 
S

ta
te

 
U

ni
ve

rs
ity

 
I1

:0
0 

14
6.

 IS
O

LA
TI

O
N

 
O

F
 

22
:5

(~
6 

A
N

D
 

22
:5

(~
3 

A
C

ID
S

 
A

N
D

 T
H

E
IR

 C
O

N
V

E
R

S
IO

N
 T

O
 P

R
O

S
TA

G
LA

N
- 

D
IN

S
 V

IA
 S

H
E

E
P

 V
E

S
IC

U
LA

R
 G

LA
N

D
S

 
L.

 J
. 

N
uf

te
r, 

O
. 

S
. 

P
riv

ei
-t 

an
d 

W
. 

O
. 

Lu
nd

be
rg

, 
Th

e 
H

or
m

el
 

In
st

itu
te

 

T
H

U
R

S
D

A
Y

 
M

O
R

N
IN

G
--

A
P

R
IL

 
24

 
9:

00
 A

~M
.--

B
al

lro
om

 
7 

an
d 

8 

S
E

S
S

IO
N

 Y
--

A
F

LA
T

O
X

IN
 

II 
C

ha
lr

m
an

--
W

al
te

r 
A

. 
P

an
s,

 J
r.,

 S
ou

th
er

n 
R

eg
io

na
l R

es
ea

rc
h 

La
bo

ra
to

ry
, 

N
ew

 O
rle

an
s,

 L
a.

 

9:
00

 1
47

. A
FL

A
TO

X
IN

S
 

IN
 F

A
R

M
E

R
S

' S
T

O
C

K
 P

E
A

N
U

TS
: 

P
E

A
N

U
T 

Q
U

A
LI

TY
, 

M
Y

C
O

FL
O

R
A

 
A

N
D

 
C

LI
- 

M
A

T
O

LO
G

IC
A

L 
C

O
N

D
IT

IO
N

S
 A

S
 

IN
FL

U
E

N
C

- 
IN

G
 

FA
C

TO
R

S
 

Be
n 

D
ou

pn
ic

k,
 J

r.
, 

U
ni

ve
rs

ity
 o

f 
G

eo
rg

ia
 

9:
20

 1
48

. A
FL

A
TO

X
IN

S
 I

N
 C

O
TT

O
N

S
E

E
D

: D
IF

FE
R

E
N

TI
A

L 
E

LA
B

O
R

A
TI

O
N

 
B

Y
 

A
S

P
E

R
G

IL
LU

S
 F

LA
V

U
S

 
IS

O
LA

TE
S

 
L.

 J
. 

A
sh

w
or

th
, 

Jr
.,

 J
. 

k.
 

M
cM

ea
ns

 a
nd

 
C

. 
M

. 
B

ro
w

n,
 U

.S
. C

aN
on

 
R

es
ea

rc
h 

S
ta

tio
n,

 
U

S
D

A
 

9:
40

 1
49

. M
Y

C
O

TO
X

IN
 

P
R

O
B

LE
M

S
 IN

 T
O

B
A

C
C

O
 

A
. 

I. 
S

ch
ep

ar
fz

, 
D

. 
G

. 
B

ai
le

y 
an

d 
J.

 
H

. 
C

is
le

, 
E

as
te

rn
 

U
til

iz
at

io
n 

R
es

ea
rc

h 
an

d 
D

ev
el

op
m

en
t 

D
iv

is
io

n,
 

U
S

D
A

 
10

:0
0 

15
0.

 S
IM

P
LE

 M
E

TH
O

D
 

FO
R

 
D

E
TE

R
M

IN
IN

G
 

A
F

LA
- 

TO
X

IN
-P

R
O

D
U

C
IN

G
 

P
O

T
E

N
T

IA
L 

O
F

 
F

U
N

G
I 

Je
rr

y 
K

i.r
ks

ey
, C

. 
E.

 H
ol

ad
ay

 a
nd

 P
hi

lll
p 

V
in

ce
nt

, 
M

ar
ke

t 
Q

ua
lit

y 
R

es
ea

rc
h 

D
iv

is
io

n,
 U

S
D

A
 

I0
:2

0 
15

1.
 

I0
:4

0 
15

2.
 

II
:0

0 
15

3.
 

II
:2

0 
15

4.
 

11
:4

0 
15

5.
 TH

E
 

E
FF

E
C

TS
 O

F
 

A
FL

A
TO

X
IN

S
 

O
N

 
G

E
R

M
I- 

N
A

T
IN

G
 S

E
E

D
S

 O
F

 F
IE

LD
 C

R
E

S
S

 
F.

 
R

. 
R

oe
gn

er
, F

o
o

d
 a

nd
 

D
ru

g 
A

dm
in

is
tra

tio
n,

 
W

as
hi

ng
to

n,
 

D
.C

. 
A

 
N

E
W

 
M

E
TA

B
O

LI
TE

 F
R

O
M

 
A

S
P

E
R

G
IL

LU
S

 
P

A
R

A
S

IT
IC

U
S

 
R

. 
D

. 
S

tu
bb

le
fie

ld
, 

O
de

tt
e 

L.
 S

ho
tw

el
l a

nd
 G

al
l 

M
. 

S
ha

nn
on

, 
N

or
th

er
n 

U
til

iz
at

io
n 

R
es

ea
rc

h 
an

d 
D

ev
el

op
m

en
t 

D
iv

is
io

n,
 U

S
D

A
 

M
E

TA
B

O
LI

C
 

C
O

N
V

E
R

S
IO

N
 

O
F

 
A

FL
A

TO
X

IN
 

B1
 T

O
 

M
~ 

IN
 V

IT
R

O
 

M
. 

S
. 

M
as

ri,
 J

. 
R

. 
P

ag
e 

an
d 

V
. 

C
. 

G
ar

ci
a,

 
W

es
te

rn
 

U
til

iz
at

io
n 

R
es

ea
rc

h 
en

d 
D

ev
el

op
m

en
t 

D
iv

is
io

n,
 U

S
D

A
 

R
E

V
IE

W
 O

F
 

TH
E

 
B

IO
LO

G
IC

A
L 

E
FF

E
C

TS
 O

F
 

A
FL

A
TO

X
IN

S
 

O
N

 
S

W
IN

E
, 

C
A

T
T

L
E

 
A

N
D

 
P

O
U

LT
R

Y
 

A
. 

N
. 

B
oo

th
, W

es
te

rn
 U

til
iz

at
io

n 
R

es
ea

rc
h 

an
d 

D
ev

el
op

m
en

t 
D

iv
is

io
n,

 U
S

D
A

 
M

Y
C

O
TO

X
IC

lT
Y

 
O

F
 

A
S

P
E

R
G

IL
LU

S
 O

C
H

R
A

- 
C

E
O

U
S

 T
O

 C
H

IC
K

S
 

"B
en

 D
ou

pn
ic

k,
 J

r. 
an

d 
Jo

hn
 

C
. 

P
ec

kh
am

, U
ni

- 
ve

rs
ity

 
of

 
G

eo
rg

ia
 

TH
U

R
S

D
A

Y
 

M
O

R
N

IN
G

--
A

P
R

IL
 2

4.
 

9:
00

 A
.M

.-
-B

al
lr

oo
m

 9
 

S
E

S
S

IO
N

 N
S

--
S

Y
M

P
O

S
IU

M
: 

M
E

M
B

R
A

N
E

 

M
O

D
E

L 
SY

ST
EM

S 
S

E
S

S
IO

N
 I

V
~B

IO
LO

G
IC

A
L 

PE
R

SP
EC

TI
VE

S 

C
he

|rm
an

m
W

. 
S

to
ec

ke
nl

us
, U

ni
ve

rs
ity

 o
f 

C
al

ifo
rn

ia
, 

S
an

 F
ra

nc
is

co
, C

al
if.

 

9:
00

 
IN

TR
O

D
U

C
TO

R
Y

 R
E

M
A

R
K

S
 

W
. 

S
to

ec
ke

ni
us

 
9:

20
 1

56
. M

E
M

B
R

A
N

E
 S

TR
U

C
TU

R
E

 E
X

P
O

S
E

D
 

IN
 

H
Y

- 
D

R
O

P
H

O
B

IC
 

FR
A

C
TU

R
E

S
 

D
. 

B
ra

nt
on

, 
U

ni
ve

rs
ity

 o
f 

C
al

ifo
rn

ia
 

9:
40

 
D

IS
C

U
S

S
IO

N
 

10
:0

0 
15

7.
 S

TE
R

O
ID

 S
P

IN
-L

A
B

E
L 

O
F

 
M

E
M

B
R

A
N

E
 

W
. 

L.
 H

ub
be

ll 
an

d 
H

. 
M

. 
M

cC
on

ne
ll,

 S
ta

nf
or

d 
U

nl
ve

rs
~t

y 
10

=
20

 
D

IS
C

U
S

S
IO

N
 

1
0

:4
0

 
IN

T
E

R
M

IS
S

IO
N

 
10

:5
0 

le
g.

 G
E

N
E

T
IC

 C
O

N
TR

O
L 

IN
V

O
LV

E
D

 I
N

 T
H

E
 B

IO
- 

G
E

N
E

S
IS

 A
N

D
 F

U
N

C
TI

O
N

 O
F 

M
IT

O
C

H
O

N
D

R
IA

 
D

. 
O

. 
W

oo
dw

ar
d,

 
S

ta
nf

or
d 

U
ni

ve
rs

ity
 

I1
:1

0 
D

IS
C

U
S

S
IO

N
 

11
:3

0 
15

9.
 S

TR
U

C
TU

R
A

L 
P

R
O

T
E

IN
 

A
N

D
 

M
E

M
B

R
A

N
E

 
O

 R
G

A
N

 IZ
A

T
IO

N
 

S
. 

F
le

is
ch

er
 a

nd
 

W
. 

L.
 

Za
hl

er
, 

V
an

de
rb

ilt
 

U
ni

ve
rs

lty
 

I 1
:5

0
 

D
IS

C
U

S
S

IO
N

 



TH
U

R
S

D
A

Y
 M

O
R

N
IN

G
IA

P
R

IL
 

24
 

9:
00

 
A

.M
~B

al
lr

oo
m

 
2 

an
d 

3 

SE
SS

IO
N

 Z
--

A
N

A
LY

T
IC

A
L 

II 
C

ha
lrm

an
--

C
am

er
on

 
K

. 
Ly

on
, 

W
es

te
rn

 R
eg

io
na

l 
R

es
ea

rc
h 

La
b.

, 
A

lb
an

y,
 

C
al

if.
 

9:
00

 1
60

. E
P

O
X

ID
IZ

E
D

 O
IL

S
 

A
S

 
E

M
U

LS
IF

IA
B

LE
 P

E
S

TI
- 

C
ID

E
 S

TA
B

IL
IZ

E
R

S
 

K
el

fh
 L

. 
Jo

hn
so

n,
 S

w
ift

 
&

 C
o.

 
9:

20
 1

61
. A

 R
A

P
ID

 G
A

S
 C

H
R

O
M

A
T

O
G

R
A

P
H

IC
 M

E
TH

O
D

 
FO

R
 

TH
E

 
D

E
T

E
R

M
IN

A
T

IO
N

 O
F

 
B

H
A

 
A

N
D

 
B

H
T 

IN
 

V
E

G
E

TA
B

LE
 O

IL
S

 
K

en
ne

th
 T

. 
H

ad
'm

an
 a

nd
 

Lu
ci

en
 C

. 
R

os
e,

 F
rit

o-
 

La
y,

 I
nc

. 
9:

40
 1

62
. C

O
M

P
O

S
IT

IO
N

A
L 

A
N

A
LY

S
IS

 
O

F
 

M
A

N
N

ID
E

 
M

O
N

O
O

LE
A

TE
 

E
M

U
LS

IF
Y

IN
G

 A
G

E
N

T
 (

A
R

LA
- 

C
E

L 
A

) 
H

. 
J.

 O
'N

ei
ll 

an
d 

T.
 N

. 
Y

am
au

ch
L 

liT
 R

es
ea

rc
h 

] n
sf

lfu
te

 
10

:0
0 

16
3.

 D
E

V
E

LO
P

M
E

N
T 

O
F

 
IM

P
R

O
V

E
D

 
B

A
K

ER
'S

 
S

H
O

R
TE

N
IN

G
 

T
H

R
O

U
G

H
 

S
T

A
T

IS
T

IC
A

L 
U

N
- 

D
E

R
S

TA
N

D
IN

G
 

O
F

 
E

M
U

LS
IF

IE
R

 E
FF

EC
TI

VE
- 

N
ES

S 
D

. 
T.

 
R

us
ch

 a
nd

 
H

. 
M

. 
T

ru
ax

, A
tla

s 
C

he
m

ic
al

 
In

d.
, 

In
c.

 

10
:2

0 
16

4.
 

10
:4

0 
16

B
. 

I 1
:0

0 
16

6.
 D

E
TE

R
M

IN
A

TI
O

N
 

O
F

 
P

O
LY

S
O

R
B

A
TE

 6
0 

IN
 

FO
O

D
S

 
C

ha
rle

s 
F.

 
S

m
ul

lln
, 

Fr
an

E
 

P.
 

W
ef

fe
ra

u 
an

d 
V

irg
in

ia
 

L.
 O

ls
an

sk
i, 

A
tla

s 
C

he
m

ic
al

 I
nd

.,
 In

c.
 

C
 O

 N
 J

 U
 G

 A
 T

 I 
O

 N
 O

F
 P

O
LY

U
N

S
A

TU
R

A
TE

D
 

FA
TT

Y
 A

C
ID

S
: 

M
E

T
H

Y
L 

LI
N

O
LE

N
A

TE
 

T.
 L

. 
M

ou
nt

s 
an

d 
H

. 
J.

 D
uf

fo
n,

 N
or

th
er

n 
R

eg
io

na
l 

R
es

ea
rc

h 
La

bo
ra

to
ry

, 
U

S
D

A
, 

an
d 

D
. 

G
la

re
r 

C
 O

 N
 g

 U
 G

 A
 T

 I 
O

 N
 O

F
 P

O
LY

U
N

S
A

TU
R

A
TE

D
 

FA
TT

Y
 A

C
ID

S
: 

M
E

TH
Y

L 
LI

N
O

LE
A

TE
 

T.
 L

. 
M

ou
nt

s 
an

d 
H

. 
J.

 D
uf

fo
n,

 N
or

th
er

n 
R

eg
io

na
l 

R
es

ea
rc

h 
La

bo
ra

to
ry

, 
U

S
D

A
, a

nd
 

D
. 

G
lo

ve
r 

TH
U

R
S

D
A

Y
 A

FT
E

R
N

O
O

N
--

A
P

R
IL

 2
4 

2:
00

 P
.M

~B
al

lr
oo

m
 

I 

S
E

S
S

IO
N

 N
6-

-S
Y

M
P

O
S

IU
M

: 
M

E
M

B
R

A
N

E
 

M
O

D
E

L 
SY

ST
EM

S 

IN
TE

R
N

A
TI

O
N

A
L 

M
E

M
B

R
A

N
E

 
W

O
R

K
S

H
O

P
: 

LI
PI

D
-P

R
O

TE
IN

 A
S

S
O

C
IA

TI
O

N
 IN

 M
E

M
B

R
A

N
E

S
m

 
H

Y
D

R
O

P
H

O
B

IC
 O

R
 E

LE
C

TR
O

ST
A

TI
C

? 

W
O

R
K

S
H

O
P

 S
E

S
S

IO
N

 I1
: M

E
M

B
R

A
N

E
 P

R
O

TE
IN

S 
C

ha
lrm

an
m

D
. 

O
. 

W
oo

dw
ar

d,
 

S
ta

nf
or

d 
U

ni
ve

rs
ity

, 
S

ta
nf

or
d,

 C
al

if.
 

2:
00

 
IN

TR
O

D
U

C
TO

R
Y

 R
EM

A
R

K
S 

D
. 

O
. 

W
oo

dw
ar

d 
2

:2
0

 
D

IS
C

U
S

S
IO

N
 

FR
ID

A
Y

 M
O

R
N

IN
G

--
A

P
R

IL
 2

5 
S

Y
M

P
O

S
IU

M
--

M
E

M
B

R
A

N
E

 
M

O
D

E
L 

SY
ST

EM
S 

IN
TE

R
N

A
TI

O
N

A
L 

. 
M

E
M

B
R

A
N

E
 .

 
W

O
R

K
S

H
O

P
: 

LI
PI

D
.P

R
O

TE
IN

 A
S

S
O

C
IA

TI
O

N
 IN

 M
E

M
B

R
A

N
E

S
--

 
H

Y
D

R
O

P
H

O
B

lC
 O

R
 E

LE
C

TR
O

ST
A

TI
C

? 

W
O

R
K

S
H

O
P

 
S

E
S

S
IO

N
 I

I1
: 

M
E

M
B

R
A

N
E

 
M

O
D

E
LS

--
G

E
N

E
R

A
L 

D
IS

C
U

S
S

IO
N

 
C

ha
irm

an
--

D
. 

B
ra

nt
on

, 
U

ni
ve

rs
ity

 o
f 

C
al

ifo
rn

ia
 

9:
00

 
IN

TR
O

D
U

C
TO

R
Y

 R
EM

A
R

K
S 

D
. 

B
ra

nt
on

 
D

IS
C

U
S

S
IO

N
 

1
2

:0
0

 
C

O
N

C
LU

D
IN

G
 

R
EM

A
R

K
S 

F.
 S

. 
S

jo
st

ra
nd

, 
U

ni
ve

rs
i~

 
of

 C
al

ifo
rn

ia
 



A
B

S
T

R
A

C
T

S
 

O
F

 
P

A
P

E
R

S
 

1 
N

E
W

 B
U

IL
D

IN
G

 H
A

R
D

 S
U

R
F

A
C

E
 

C
L

E
A

N
IN

G
 P

R
O

B
L

E
3

~
S

. 
A

I~
N

 
W

. 
L

E
X

PN
IT

Z
, 

E
co

n
o

m
ic

s 
L

ab
o

ra
to

ry
, 

In
c.

, 
S

t.
 

P
au

l,
 

M
in

ne
so

ta
. 

A
n

 o
ff

ic
e 

b
u

il
d

in
g

 d
es

ig
n

ed
 w

it
h

 c
le

an
ab

il
it

y
 i

n
 m

in
d

 s
ti

ll
 m

a
y

 
p

re
se

n
t 

tm
Jq

u
s 

h
a

rd
 

su
rf

ac
e 

~
ea

n
in

$
 

p
ro

b
le

m
s.

 
T

h
e 

O
sb

o
rn

 
B

u
il

d
in

g
, 

n
ew

 
h

o
m

e 
of

fi
ce

 
of

 
E

co
n

o
m

ic
s 

L
ab

o
ra

to
ry

, 
In

c.
, 

p
re

- 
se

n
te

d
 

tw
o

 
in

it
ia

l 
cl

ea
n

in
g

 
pr

ob
le

m
s.

 
C

o
n

st
ru

ct
io

n
 

so
il

 
o

n
 

th
e 

g
la

ss
 

an
d

 
st

ai
n

le
ss

 
st

ee
l 

ex
te

ri
o

r 
re

q
u

ir
ed

 
a 

n
ew

 
h

ar
d

 
su

rf
ac

e 
cl

ea
n

in
g

 p
ro

d
u

ct
 

an
d

 
p

ro
ce

d
u

re
 f

o
r 

ef
fi

ci
en

t 
re

m
o

v
al

. 
T

h
e 

co
m

- 
b

in
at

io
n

 
of

 p
ro

d
u

ct
 

an
d

 
p

ro
ce

d
u

re
 w

as
 

sh
o

w
n

 
to

 
b

e 
th

e 
k

ey
 t

o
 

su
cc

es
s.

 
O

n
e 

te
rr

az
o

 
fl

oo
r 

re
q

u
ir

ed
 

on
ly

 
p

ar
ti

al
 

cl
ea

n
in

g
 t

o
 

ob
- 

ta
in

 
th

e 
d

es
ir

ed
 a

p
p

ea
ra

n
ce

. 
T

h
is

 f
lo

or
 

co
ul

d 
b

e 
o

v
er

-c
le

an
ed

. 

2 
D

E
T

E
R

G
E

N
T

S
--

H
A

R
D

 
W

A
T

E
R

 
IN

T
E

R
A

C
T

IO
N

 
IN

 
M

A
- 

C
H

IN
E

 
D

IS
H

W
A

S
H

IN
G

. 
R

. 
F

. 
Y

A
N

C
E

, 
G

en
er

al
 E

le
ct

ri
c 

C
om

- 
p

an
y

, 
A

P
S

-Z
49

, 
A

p
p

li
an

ce
 P

ar
k

, 
L

ou
is

vi
ll

e,
 

K
en

tu
ck

y
. 

In
su

ff
ic

ie
n

t 
d

et
er

g
en

t 
co

n
ce

n
tr

at
io

n
s 

h
av

e 
re

ce
n

tl
y

 b
ee

n
 r

ec
o

g
- 

n
iz

ed
 a

s 
a 

m
aj

o
r 

co
n

tr
ib

u
to

r 
to

 
fi

lm
 f

o
rm

at
io

n
 o

n
 

g
la

ss
w

ar
e 

in
 

m
ac

h
in

e 
d

is
h

w
as

h
in

g
. 

T
h

e 
fi

lm
 

is
 

sh
o

w
n

 
to

 
co

ns
is

t 
la

rg
el

y
 

of
 

ca
lc

iu
m

 t
ri

p
o

ly
p

h
o

sp
h

at
e,

 
C

as
(P

s0
1o

) =
; 

ev
id

en
ce

 i
s 

ci
te

d
 f

o
r 

th
e 

p
re

se
n

ce
 

of
 

a 
si

li
ca

te
, 

p
ro

b
ab

ly
 

ca
lc

iu
m

 
m

et
as

il
ic

at
e,

 
as

 
w

el
l.

 
S

y
st

em
at

ic
 

v
ar

ia
ti

o
n

 
of

 
d

et
er

g
en

t 
co

n
ce

n
tr

at
io

n
 

an
d

 
of

 
w

at
er

 
h

ar
d

n
es

s 
al

lo
w

s 
co

n
st

ru
ct

io
n

 
of

 
a 

re
sp

o
n

se
 

su
rf

ac
e 

d
es

cr
ib

in
g

 
co

n
d

it
io

n
s 

of
 

m
ax

im
u

m
 

an
d

 
m

in
im

u
m

 r
at

es
 

of
 

fi
lm

 
fo

rm
at

io
n

. 
T

h
e 

im
p

li
ca

ti
o

n
s 

of
 

th
is

 t
re

at
m

en
t 

to
 

o
th

er
 

d
et

er
g

en
cy

 p
ro

ce
ss

es
 

is
 

b
ri

ef
ly

 
co

n
si

d
er

ed
. 

3 
A

N
A

L
Y

S
IS

 
O

F
 

D
A

T
A

 
F

R
O

M
 

D
E

T
E

R
G

E
N

C
Y

 
T

E
S

T
S

 
W

IT
H

 
A

 
N

A
T

U
R

A
L

 
S

O
IL

. 
J.

 
R

. 
rI

~
0W

B
R

ID
G

Z
, 

C
o

lg
at

e-
P

al
m

o
li

v
e 

C
o

m
p

an
y

, 
P

is
ca

ta
w

ay
, 

N
ew

 J
er

se
y

. 
A

 
m

et
h

o
d

 o
f 

ap
p

ly
in

g
 s

oi
l 

to
 

a 
sm

al
l 

ci
rc

u
la

r 
ar

ea
s 

of
 

a 
te

st
 

fa
b

ri
c 

b
y

 '
ru

b
b

in
g

 i
t 

o
v

er
 t

h
e 

su
rf

ac
e 

of
 

th
e 

sk
in

 
h

as
 

b
ee

n
 

de
- 

sc
ri

b
ed

 
p

re
v

io
u

sl
y

. 
T

h
es

e 
te

st
 

sw
at

ch
es

 
h

av
e 

ad
v

an
ta

g
es

 
o

v
er

 
ar

ti
fi

ci
al

ly
 s

oi
le

d 
sw

at
ch

es
 b

ec
au

se
 t

h
ey

 h
av

e 
a 

re
al

 s
oi

l 
an

d
 

ca
n

 
b

e 
re

so
il

ed
 a

ft
er

 w
as

h
in

g
 t

o
 p

ro
v

id
e 

a 
p

ra
ct

ic
al

 l
au

n
d

ry
 

si
m

u
la

- 
ti

o
n

 
in

 
w

h
ic

h
 

fa
b

ri
cs

 
re

ce
iv

e 
m

u
lt

ip
le

 
so

il
-w

as
h 

cy
cl

es
. 

R
ec

en
t 

ex
p

er
ie

n
ce

 
sh

o
w

s 
th

at
 

a 
co

n
si

d
er

ab
le

 
g

ai
n

 
in

 
p

re
ci

si
o

n
 

ca
n

 
b

e 
o

b
ta

in
ed

 
b

y
 

u
si

n
g

 
bl

oc
k 

d
es

ig
n

s 
in

 
w

h
ic

h
 

sw
at

ch
es

 
w

it
h

in
 

a 
bl

oc
k 

ar
e 

ev
en

ly
 

so
il

ed
 

b
y

 
th

e 
sa

m
e 

in
d

iv
id

u
al

. 
T

h
e 

st
an

d
ar

d
 

d
ev

ia
ti

o
n

 
fo

r 
re

p
li

ca
te

 
sw

at
ch

es
 

is
 

ap
p

ro
x

im
at

el
y

 
p

ro
p

o
rt

io
n

al
 

to
 

th
e 

am
o

u
n

t 
of

 
re

si
d

u
al

 
so

il
 

as
 

d
et

er
m

in
ed

 
fr

o
m

 
re

fl
ec

ta
n

ce
 

m
ea

su
re

m
en

ts
. 

A
 l

og
 t

ra
n

sf
o

rm
at

io
n

 o
f 

th
e 

re
fl

ec
ta

n
ce

 d
at

a 
p

ro
- 

v
id

es
 

a 
m

o
re

 
h

o
m

o
g

en
eo

u
s 

er
ro

r 
v

ar
ia

n
ce

 
an

d
 

in
cr

ea
se

d
 

si
g-

 
n

if
ic

an
ce

 f
o

r 
d

if
fe

re
n

ce
s 

am
o

n
g

st
 w

as
h

 t
re

at
m

en
ts

. 

4 
A

 
T

R
IP

L
Y

 
L

A
B

E
L

E
D

 
P

A
R

T
IC

U
L

A
T

E
 

S
O

IL
 

F
O

R
 

D
E

T
E

R
- 

G
E

N
C

Y
 

S
T

U
D

IE
S

. 
B

. 
E

. 
G

or
~

vO
N

 a
n

d
 

W
. 

F
. 

S
H

eb
a,

 
S

he
ll

 
D

ev
el

o
p

m
en

t 
C

o
m

p
an

y
, 

E
m

er
y

v
il

le
, 

C
al

if
o

rn
ia

. 
T

h
e 

ra
d

io
ac

ti
v

e 
k

ao
li

n
it

e 
d

es
cr

ib
ed

 
in

 
an

 
ea

rl
ie

r 
re

p
o

rt
 

h
as

 
u

n
d

er
g

o
n

e 
ex

te
n

si
v

e 
te

st
in

g
 

to
 

de
ve

lo
p 

su
it

ab
le

 
p

ad
d

in
g

 
an

d
 

an
al

y
ti

ca
l 

m
et

h
o

d
s 

fo
r 

it
s 

ap
p

li
ca

ti
o

n
 

as
 

a 
p

ar
ti

cu
la

te
 

co
m

po
- 

n
en

t 
of

 
a 

sy
n

th
et

ic
 

se
b

u
m

. 
A

 
la

rg
e 

sc
al

e 
m

et
h

o
d

 
fo

r 
p

ad
d

in
g

 
am

o
u

n
ts

 
o

f 
5

0
0

 
sw

at
ch

es
 

of
 

a 
te

st
 

fa
b

ri
c 

b
as

ed
 

o
n

 
th

e 
te

ch
- 

n
iq

u
e 

of
 

R
u

tk
o

w
sk

i 
w

as
 

de
ve

lo
pe

d.
 

D
u

ri
n

g
 

th
e 

p
ad

d
in

g
 

st
u

d
y

 
it

 
w

as
 f

o
u

n
d

 
th

at
 

th
e 

k
ao

li
n

it
e 

(S
p

in
k

s 
B

an
d

y
 

B
la

ck
) 

re
m

ai
n

- 
in

g
 

o
n

 
th

e 
fa

b
ri

c 
w

as
 

of
 

d
if

fe
re

n
t 

sp
ec

ie
s 

ac
ti

v
it

y
 

th
an

 
th

e 
st

ar
ti

n
g

 c
la

y.
 

T
h

e 
ca

u
se

 w
as

 t
ra

ce
d

 t
o

 t
h

e 
p

re
se

n
ce

 o
f 

a 
co

ar
se

 
h

ig
h

 
si

li
ca

, 
lo

w
 

sp
ec

if
ic

 
as

ti
v

it
y

 
im

p
u

ri
ty

 
an

d
 

a 
v

er
y

 
fi

ne
 

h
ig

h
 

sp
ec

if
ic

 a
ct

iv
it

y
 c

o
m

p
o

n
en

t.
 

R
em

o
v

al
 o

f 
th

es
e 

b
y

 w
et

 
sc

re
en

in
g

 
y

ie
ld

ed
 

a 
m

o
re

 
h

o
m

o
g

en
eo

u
s 

cl
ay

. 
G

am
m

a 
ra

y
 

an
al

y
si

s 
of

 
th

e 
sw

at
ch

es
 b

ef
o

re
 a

n
d

 
af

te
r 

w
as

h
in

g
 l

ea
ds

 t
o 

th
e 

p
er

 
ce

n
t 

of
 

cl
ay

 
re

m
o

v
ed

. 
B

et
a 

ra
y

 
an

al
y

si
s 

of
 

th
e 

w
as

h
 

w
at

er
 

le
ad

s 
to

 
th

e 
p

er
 

ce
n

t 
of

 t
h

e 
fa

tt
y

 s
ol

l 
re

m
o

v
ed

. 
T

h
er

e 
is

 
n

o
 

in
te

rf
er

en
ce

 b
y

 
th

e 
fa

tt
y

 
so

il
 

w
it

h
 

th
e 

cl
ay

 
an

al
y

se
s.

 
In

te
rf

er
en

ce
 

b
y

 
th

e 
ra

d
io

ac
ti

v
e 

cl
ay

 i
n

 
th

e 
fa

tt
y

 
se

b
u

m
 a

n
al

y
si

s 
is

 
av

o
id

ed
 b

y 
co

n-
 

tr
o

l 
o

v
er

 
th

e 
ra

d
io

ac
ti

v
it

y
 

o
f 

th
e 

v
ar

io
u

s 
co

m
p

o
n

en
ts

 
an

d
 

b
y 

ca
re

fu
l 

sp
ec

tr
o

m
et

ri
c 

an
al

y
si

s.
 

S 
S

T
A

IN
S

--
F

A
B

R
IC

S
--

D
E

T
E

R
G

E
N

T
S

. 
B

. 
W

. 
T

E
R

R
Y

 a
n

d
 W

. 
L

. 
G

z~
ov

J~
s,

 C
o

n
ti

n
en

ta
l 

O
il

 
C

o
m

p
an

y
, 

P
o

n
ce

 
C

it
y,

 
O

k
la

h
o

m
a.

 
S

ev
er

al
 

co
m

m
o

n
 

st
ai

n
s 

w
er

e 
ap

p
li

ed
 

to
 

co
tt

on
, 

p
er

m
an

en
t 

p
re

ss
 

an
d

 
so

il
 

re
le

as
e 

fa
b

ri
cs

. 
T

h
e 

sp
o

t-
st

ai
n

ed
 

fa
b

ri
cs

 
w

er
e 

w
as

h
ed

 
in

 
ei

g
h

t 
d

et
er

g
en

t 
fo

rm
u

la
ti

o
n

s,
 

an
d

 
in

 
so

m
e 

ca
se

s 
at

 
tw

o
 

te
m

p
er

at
u

re
s.

 
T

h
e 

fo
rm

u
la

ti
o

n
 

v
ar

ia
b

le
s 

in
cl

u
d

e 
L

A
S

 
o

r 
n

o
n

io
n

ic
 

ac
ti

ve
s,

 
4

5
%

 
o

r 
8

5
%

 
tr

ip
o

ly
p

h
o

sp
h

at
e,

 
an

d
 

w
it

h
 

o
r 

w
it

h
o

u
t 

a 
co

m
m

er
ci

al
ly

 a
v

ai
la

b
le

 e
n

zy
m

e.
 

R
es

u
lt

s 
d

u
e 

to
 

v
ar

ia
- 

ti
o

n
s 

in
 

re
sp

o
n

se
 

of
 

st
ai

n
s 

to
 

ce
rt

ai
n

 
fa

b
ri

c 
fi

ni
sh

es
 

p
re

cl
u

d
e 

b
ro

ad
 

g
en

er
al

iz
at

io
n

s.
 

C
lo

th
 

v
ar

ia
ti

o
n

s 
ar

e 
p

ro
b

ab
ly

 
th

e 
m

o
st

 
si

g
n

if
ic

an
t 

p
ar

am
et

er
s 

o
b

se
rv

ed
. 

P
er

m
an

en
t 

p
re

ss
 a

n
d

 s
oi

l 
re

le
as

e 
u

su
al

ly
 

al
lo

w
 

m
o

re
 

co
m

p
le

te
 

re
m

o
v

al
 

of
 

pe
a,

 
k

et
ch

u
p

, 
ca

n
n

ed
 

sp
in

ac
h

 a
n

d
 

g
ra

v
y

 s
ta

in
s.

 
P

e
rm

a
n

e
n

t 
p

re
ss

 
fa

b
ri

cs
 

w
il

l 
u

su
al

ly
 

al
lo

w
 

m
o

re
 

co
m

p
le

te
 

re
m

o
v

al
 

o
f 

bl
oo

d 
st

ai
n

s 
th

an
 

so
il

 
re

le
as

e 
fa

b
ri

cs
, 

w
h

il
e 

th
e 

re
v

er
se

 
is

 
tr

u
e 

fo
r 

fr
u

it
 

st
ai

n
s.

 
H

ig
h

 
te

m
- 

p
er

at
u

re
 

(1
5

0
F

) 
p

ra
ct

ic
al

ly
 

el
im

in
at

es
 

th
e 

en
zy

m
e 

ef
fe

ct
; 

it
 

se
ts

 
so

m
e 

st
ai

n
s 

w
h

il
e 

ra
re

ly
 

im
p

ro
v

in
g

 
re

m
o

v
al

. 
N

on
io

ni
c-

 
en

zy
m

e 
co

m
b

in
at

io
n

s 
ar

e 
u

su
al

ly
 

as
 

go
od

 
as

 
th

e 
co

m
p

ar
ab

le
 

L
A

S
 

fo
rm

u
la

ti
o

n
. 

In
 

se
v

er
al

 
ca

se
s 

th
e 

h
ig

h
er

 
p

h
o

sp
h

at
e 

le
ve

l 
sh

o
w

s 
an

 
ad

v
an

ta
g

e 
in

 
en

zy
m

e 
fo

rm
u

la
ti

o
n

s.
 

S
o

m
e 

st
ai

n
s 

ar
e 

at
ta

ck
ed

 
re

as
o

n
ab

ly
 

w
el

l 
b

y
 

th
e 

en
zy

m
e 

fo
rm

u
la

ti
o

n
s 

st
u

d
ie

d
, 

w
h

er
ea

s 
g

ra
ss

, 
fr

u
it

, 
ch

oc
ol

at
e 

sy
ru

p
 

an
d

 
bl

oo
d 

st
ai

n
s 

w
il

l 
ob

- 
v

io
u

sl
y

 n
ee

d
 m

o
re

 e
x

te
n

si
v

e 
tr

ea
tm

en
t.

 

6 

C
R

IT
IC

A
L

 
M

IC
E

L
L

E
 

C
O

N
C

E
N

T
R

A
T

IO
N

 
(C

~
fC

) 
O

F
 

D
IH

Y
- 

D
R

O
X

Y
 

A
N

D
 

T
R

IH
Y

D
R

O
X

Y
 

B
IL

E
 

S
A

L
T

S
--

--
E

F
F

E
C

T
S

 
O

F
 

C
O

U
N

T
E

R
IO

N
 A

N
D

 
T

E
M

P
E

R
A

T
U

R
E

. 
M

A
R

T
IN

 C
. 

C
A

IU
~Y

 a
n

d
 

D
O

N
A

I~
D

 M
. 

SI
~A

L
L

, B
o

st
o

n
 

U
n

iv
er

si
ty

 S
ch

oo
l 

of
 

M
ed

ic
in

e,
 

B
os

- 
to

n,
 

~
ae

sa
eh

u
se

tt
s.

 
S

o
d

iu
m

 
ta

u
ro

ch
o

la
te

 
(N

aT
C

) 
an

d
 

so
d

iu
m

 
ta

u
ro

d
eo

x
y

ch
o

la
te

 
(N

aT
D

C
) 

fo
u

n
d

 
in

 
h

u
m

an
 

bi
le

 
an

d
 

in
te

st
in

al
 

co
n

te
n

ts
 

ar
e 

d
et

er
g

en
ts

 
w

h
ic

h
 

on
 

st
ru

ct
u

ra
l 

g
ro

u
n

d
s 

sh
o

u
ld

 
h

av
e 

b
o

th
 

an
io

n
ic

 
an

d
 

n
o

n
io

n
ic

 
p

ro
p

er
ti

es
. 

E
x

p
er

im
en

ts
 

w
er

e 
d

es
ig

n
ed

 
to

 
st

u
d

y
 

w
h

et
h

er
 

th
e 

ex
tr

a 
h

y
d

ro
x

y
l 

g
ro

u
p

 
im

p
ar

ts
 

m
o

re
 

no
n-

 
io

n
ic

 
ch

ar
ac

te
ri

st
ic

s 
to

 
N

aT
C

 
m

ic
el

le
s.

 
T

h
e 

C
M

C
 

of
 

p
u

re
 

N
aT

C
 

an
d

 
N

aT
D

C
 

w
as

 d
et

er
m

in
ed

 f
ro

m
 

1
0

-2
0

 C
 i

n
 

w
at

er
 

an
d

 
N

aC
1 

so
lu

ti
on

s 
u

ti
li

zi
n

g
 

th
e 

sh
if

t 
in

 
th

e 
ab

so
rp

ti
o

n
 

m
ax

im
u

m
 

of
 

2.
5 

X
 

10
 -6

 
~

I 
R

h
o

d
am

in
e 

6G
. 

A
 

sl
g

m
o

id
 

cu
rv

e 
re

su
lt

ed
 

w
h

en
 

ea
ch

 
sp

ec
tr

al
 

sh
if

t 
w

as
 

p
lo

tt
ed

 
ag

ai
n

st
 

th
e 

co
rr

es
p

o
n

d
in

g
 

co
n

ce
n

tr
at

io
n

 
of

 
bi

le
 

sa
lt

; 
th

e 
p

o
in

t 
of

 
in

fl
ec

ti
on

 
w

as
 

ta
k

en
 

as
 

an
 

es
ti

m
at

e 
o

f 
th

e 
C

M
C

. 
T

h
e 

C
M

C
 

m
in

im
u

m
 

at
 

2
0

-8
0

 O
 

of
 

N
aT

C
 

su
g

g
es

ts
 

th
e 

im
p

o
rt

an
ce

 
of

 
h

y
d

ro
p

h
o

b
ic

 
in

te
ra

ct
io

n
. 

A
t 

h
ig

h
er

 
te

m
p

er
at

u
re

s 
th

e 
C

M
C

 
of

 
b

o
th

 
bi

le
 

sa
lt

s 
in

cr
ea

se
s 

in
d

ic
at

in
g

 
th

at
 

ch
ar

g
e 

ef
fe

ct
s 

p
re

d
o

m
in

at
e.

 
N

aT
C

 
sh

o
w

s 
a 

sm
al

le
r 

p
er

 
ce

n
t 

in
cr

ea
se

 
w

it
h

 
te

m
p

er
at

u
re

--
-a

n
 

ef
fe

ct
 

of
 

it
s 

th
re

e 
h

y
d

ro
x

y
l 

g
ro

u
p

s.
 

A
n

 
ap

p
ro

x
im

at
el

y
 

li
n

ea
r 

re
la

ti
o

n
sh

ip
 

ex
is

ts
 

b
et

w
ee

n
 

lo
g 

C
IV

IC
 a

n
d

 
lo

g 
N

aC
h

 
N

aC
I 

lo
w

er
ed

 
th

e 
C

M
O

 
o

f 
N

aT
D

C
 

b
u

t 
N

aT
C

 
w

as
 

re
si

st
an

t 
to

 
sa

lt
 

ef
fe

ct
s 

in
- 

d
ic

at
in

g
 

th
e 

sm
al

l 
si

ze
 

of
 

it
s 

m
ic

el
le

s 
w

it
h

 
ch

ar
g

es
 

w
el

l 
se

p
ar

at
ed

. 
T

h
e 

--
A

F
 

of
 

m
ic

el
li

za
ti

o
n

 
w

as
 

g
re

at
er

 
fo

r 
N

aT
D

C
 

th
an

 
N

aT
C

. 
T

h
e 

en
th

al
p

y
 

o
f 

m
ic

el
ll

za
ti

o
n

 
w

as
 

ca
lc

u
la

te
d

 
fr

o
m

 
th

e 
te

m
p

er
at

u
re

 
d

ep
en

d
en

ce
 

of
 

th
e 

C
M

C
 

an
d

 
en

tr
o

p
y

 
fr

o
m

 
A

T
--

--
 A

H
--

T
~

S
. 

W
it

h
 

th
e 

ex
ce

p
ti

o
n

 
of

 
h

ig
h

 
te

m
p

er
at

u
re

s,
 

bi
le

 
sa

lt
 

m
ie

el
li

za
ti

o
n

 
w

as
 

fo
u

n
d

 
to

 
b

e 
an

 
en

tr
o

p
y

 
d

ir
ec

te
d

 
pr

oc
es

s.
 

7 
R

A
T

 
L

IV
E

R
 

L
IP

ID
S

: 
M

E
T

A
B

O
L

IC
 

R
E

L
A

T
IO

N
S

H
IP

S
 

D
E

- 
R

IV
E

D
 

F
R

0
3

~
 

S
T

R
U

C
T

U
R

A
L

 
A

N
A

L
Y

S
E

S
 

O
F

 
N

E
U

T
R

A
L

 
G

L
Y

C
E

R
ID

E
S

 
A

N
D

 
P

H
O

S
P

H
O

G
L

Y
C

E
R

ID
E

S
. 

R
A

N
D

A
L

L
 

W
O

O
l3

 a
n

d
 

R
. 

D
. 

H
A

L
L

O
W

, 
M

ed
ic

al
 

D
iv

is
io

n
, 

O
ak

 
R

id
g

e 
A

s-
 

so
ci

at
ed

 
U

n
iv

er
si

ti
es

, 
O

ak
 

R
id

g
e,

 T
en

n
es

se
e.

 
T

h
e 

d
is

tr
ib

u
ti

o
n

 
of

 
fa

tt
y

 
ac

id
s 

ee
to

ri
fl

ed
 

at
 

ea
ch

 
p

o
si

ti
o

n
 

o
f 

g
ly

ce
ro

l 
in

 
tr

ig
ly

ce
ri

d
es

 
(T

G
),

 
p

h
o

sp
h

at
id

y
l 

ch
ol

in
e 

(P
G

),
 

an
d

 
p

h
o

sp
h

at
id

y
l 

et
h

an
o

la
m

in
e 

(P
E

) 
of

 
ra

t 
li

v
er

 
w

as
 

de
te

r-
 

m
in

ed
. 

T
h

e 
ca

rb
o

n
 

n
u

m
b

er
 

d
is

tr
ib

u
ti

o
n

 
o

f 
T

G
 

an
d

 
d

ig
ly

ee
ri

d
e 

ac
et

at
es

 
d

er
iv

ed
 

fr
o

m
 

P
C

 
an

d
 

P
E

 
w

as
 

al
so

 
d

et
er

m
in

ed
. 

E
ac

h
 

of
 

th
e 

T
G

 
po

si
ti

on
s 

sh
o

w
ed

 
a 

d
is

ti
n

ct
 

d
is

tr
ib

u
ti

o
n

 
of

 
fa

tt
y

 
ac

id
s 

th
at

 
w

as
 

n
o

t 
ar

ra
n

g
ed

 r
an

d
o

m
ly

, 
in

d
ic

at
in

g
 

p
ai

ri
n

g
 

of
 

so
m

e 
ac

id
s.

 
T

h
e 

~
om

po
si

ti
on

 
of

 
th

e 
fa

tt
y

 
ac

id
s 

es
te

ri
fi

ed
 

at
 

th
e 

1 
p

o
si

ti
o

n
 

oi
 

P
C

 
an

d
 

F
E

 
w

as
 

th
e 

sa
m

e,
 

b
u

t 
d

if
fe

re
d

 
fr

o
m

 t
h

e 
1 

p
o

si
ti

o
n

 
of

 
T

G
; 

th
e 

2 
p

o
si

ti
o

n
 

d
if

fe
re

d
 i

n
 

al
l 

th
re

e 
cl

as
se

s.
 

T
h

e 
ca

rb
o

n
 

n
u

m
b

er
 

d
is

tr
ib

u
ti

o
n

 
of

 
P

C
 

d
ig

ly
ce

ri
d

e 
ac

et
at

es
 

w
as

 
d

if
fe

re
n

t 
fr

o
m

 
th

at
 

of
 

P
E

 
d

ig
ly

ee
ri

d
e 

ac
et

at
es

 
an

d
 

n
ei

th
er

 
ag

re
ed

 
w

it
h

 
th

e 
ra

n
d

o
m

 
d

is
tr

ib
u

ti
o

n
 

v
al

u
es

 
ca

l-
 

cu
la

te
d

 
fr

o
m

 
th

e 
ex

p
er

im
en

ta
ll

y
 

d
et

er
m

in
ed

 
co

m
p

o
si

ti
o

n
s 

of
 

th
e 

1 
an

d
 

2 
po

si
ti

on
s 

of
 

ea
ch

 
cl

as
s,

 
in

d
ic

at
in

g
 

p
re

fe
re

n
ti

al
 

p
ai

ri
n

g
 

of
 

so
m

e 
ac

id
s 

in
 

th
es

e 
li

p
id

 
cl

as
se

s 
al

so
. 

S
el

ec
ti

v
it

y
 

of
 

d
ig

ly
ce

rl
d

es
 

u
se

d
 

fo
r 

th
e 

b
io

sy
n

th
es

is
 

of
 

ei
th

er
 

T
G

 
o

r 
p

h
o

sp
h

o
li

p
id

s 
o

r 
bo

th
 

is
 

su
b

st
an

ti
at

ed
 

b
y

 t
h

e 
la

ck
 

of
 

ag
re

em
en

t 
b

et
w

ee
n

 
th

e 
T

G
 

ca
rb

o
n

 
n

u
m

b
er

 
d

is
tr

ib
u

ti
o

n
 

d
et

er
m

in
ed

 
ex

- 
p

er
im

en
ta

ll
y

 
an

d
 

th
e 

d
is

tr
ib

u
ti

o
n

 
ca

lc
u

la
te

d
 

fr
o

m
 

v
al

u
es

 
of

 
ei

th
er

 
P

C
 

of
 

P
E

 
d

ig
ly

ce
ri

d
e 

ac
et

at
es

 
p

lu
s 

th
e 

v
al

u
es

 
of

 
th

e 
8 

p
o

si
ti

o
n

 
of

 
th

e 
T

G
. 

T
h

es
e 

fi
n

d
in

g
s 

fo
r 

ra
t 

li
v

er
 

ar
c 

th
e 

op
po

si
te

 
of

 
th

os
e 

re
p

o
rt

ed
 

in
 

a 
co

m
p

an
io

n
 

p
ap

er
 

in
 

w
h

ic
h

 
tu

m
o

r 
ce

ll
s 

d
id

 
n

o
t 

sh
ow

 
se

le
ct

iv
it

y
 

of
 

d
ig

ly
ce

ri
d

es
 

u
se

d
 

fo
r 

T
G

 
an

d
 

P
C

 
b

io
sy

n
th

es
is

. 

$ 
T

U
M

O
R

 L
IP

ID
S

: 
M

E
T

A
B

O
L

IC
 R

E
L

A
T

IO
N

S
H

IP
S

 D
E

R
IV

E
D

 
F

R
O

M
 

S
T

R
U

C
T

U
R

A
L

 A
N

A
L

Y
S

E
S

 
O

F
 

A
C

Y
L

,:
 

A
L

K
Y

L
 A

N
D

 
A

L
K

-1
-E

N
Y

L
 M

O
IE

T
IE

S
 O

F
 

N
E

U
T

R
A

I~
 G

L
Y

C
E

R
ID

E
S

 
A

N
D

 
P

H
O

S
P

H
O

G
L

Y
C

E
R

ID
E

S
. 

R
A

N
D

A
L

L
 W

O
O

D
 a

n
d

 
F

R
E

D
 S

N
Y

D
E

R
~ 

M
ed

ic
al

 
D

iv
is

io
n

, 
O

ak
 

R
id

g
e 

A
ss

o
ci

at
ed

 
U

n
iv

er
si

ti
es

, 
O

ak
 

R
id

g
e,

 
T

en
n

es
se

e.
 

T
h

e 
co

m
p

o
si

ti
o

n
 o

f 
th

e 
h

y
d

ro
ca

rb
o

n
 

m
o

ie
ti

es
 

of
 t

h
e 

1,
 

2 
an

d
 

8 
p

o
si

ti
o

n
s 

of
 

tr
ig

ly
ce

ri
d

es
 a

n
d

 
g

ly
ce

ry
l 

et
h

er
 

d
ie

st
er

s 
(G

E
D

E
) 

an
d

 
of

 
th

e 
1 

an
d

 
2 

po
si

ti
on

s 
of

 
d

ia
ey

l 
an

d
 

al
ky

l 
ae

yl
 

ph
os

- 
p

h
at

id
y

l 
ch

ol
in

es
 

(P
C

) 
an

d
 

di
ac

yl
, 

al
k

y
l 

ac
y[

 
an

d
 

al
k

.l
.e

n
y

l 
ae

y
l 

p
h

o
sp

h
at

id
y

l 
ct

h
an

el
am

in
es

 
(P

E
) 

fr
o

m
 

E
h

rt
ie

h
 

as
ci

te
s 

ce
ll

s 
(E

A
C

) 
w

er
e 

d
et

er
m

in
ed

. 
T

h
e 

ca
rb

o
n

 
n

u
m

b
er

 
p

er
ce

n
ta

g
e 

d
is

tr
ib

u
ti

o
n

 
o

f 
tr

ig
ly

ce
ri

d
es

, 
G

E
D

E
, 

an
d

 
th

e 
d

ig
]y

ce
ri

d
e-

ty
p

e 
ac

et
at

es
 

d
er

iv
ed

 
fr

o
m

 
ea

ch
 

cl
as

s 
of

 
P

C
 

an
d

 
P

E
 

w
as

 
al

so
 

d
et

er
m

in
ed

 b
y

 
g

as
-l

iq
u

id
 

C
h

ro
m

at
o

g
ra

p
h

y
 a

n
al

y
si

s 
of

 
th

e 
in

ta
ct

 
li

pi
ds

. 
T

h
e 

fa
tt

y
 

ac
id

 
co

m
p

o
si

ti
o

n
s 

of
 

th
e 

1,
 

2 
an

d
 

3 
p

o
si

ti
o

n
s 

of
 

th
e 

tr
ig

ly
ce

ri
d

es
 

ar
e 

d
if

fe
re

n
t 

an
d

 
al

so
 

di
ff

er
 

fr
o

m
 

th
e 

co
m

p
o

si
ti

o
n

 
of

 
th

e 
co

rr
es

p
o

n
d

in
g

 
p

o
si

ti
o

n
s 

of
 

th
e 

G
E

D
E

, 
w

h
ic

h
 

ar
e 

n
o

t 
th

e 
sa

m
e.

 
B

o
th

 
tr

ig
ly

ce
ri

d
es

 
an

d
 

G
E

D
E

 
ex

h
ib

it
 

a 
1

-r
an

d
o

m
-2

-r
an

d
o

m
-3

-r
an

d
o

m
 

ty
p

e 
of

 
d

is
tr

ib
u

ti
o

n
. 

T
h

e 
ch

o
li

n
e-

co
n

ta
in

in
g

 
p

h
o

sp
h

at
id

es
 

co
n

si
st

 
of

 
ap

p
ro

x
im

at
el

y
 

6
6

%
 

d
ia

cy
l 

P
C

 
an

d
 

3
3

%
 

al
k

y
l 

ac
y

l 
P

C
. 

E
th

an
o

la
m

in
e-

ce
n

ta
in

in
g

 
p

h
o

sp
h

at
id

es
 

ar
e 

co
m

po
se

d 
o

f 
5

5
%

 
d

ia
cy

l 
P

E
, 

8
0

°~
 

al
ky

l 
ac

y
l 

P
E

, 
an

d
 

1
5

%
 

al
k

-l
-e

n
y

l 
ae

y
l 

P
E

. 
T

h
e 

ca
rb

o
n

 
ch

ai
n

 
of

 
th

e 
1 

po
si

ti
on

 
of

 
ea

ch
 

P
C

 
an

d
 

P
E

 
cl

as
s 

is
 p

re
d

o
m

in
an

tl
y

 s
at

u
ra

te
d

 
an

d
 t

h
e 

2 
p

o
si

ti
o

n
 

is
 

d
o

m
in

at
ed

 b
y

 p
o

ly
u

n
sa

tu
ra

te
d

 
fa

tt
y

 
ac

id
s.

 
A

ll
 

P
C

 
an

d
 

P
E

 
cl

as
se

s 
ex

ce
p

t 
th

e 
al

k
-l

-e
n

y
l 

ae
y

l 
P

E
 

sh
o

w
 

a 
1

-r
an

d
o

m
o

2
-r

an
d

o
m

 
d

is
tr

ib
u

ti
o

n
. 

In
 

E
A

C
, 

ra
n

d
o

m
ly

 
sy

n-
 

th
es

iz
ed

 
d

ig
ly

ce
ri

d
es

 
ar

e 
ap

p
ar

en
tl

y
 

u
se

d
 

ra
n

d
o

m
ly

 
fo

r 
tr

l-
 

g
ly

ee
ri

d
es

 a
n

d
 d

ia
cy

l 
P

C
 b

io
sy

n
th

es
is

; 
th

e 
b

io
sy

n
th

es
is

 o
f 

G
E

D
E

 
an

d
 

al
ky

l 
ac

y]
 

P
C

 
fr

o
m

 
an

 
al

k
y

l 
ac

y
l 

in
te

rm
ed

ia
te

 
al

so
 

o
cc

u
rs

 
w

it
h

o
u

t 
se

le
ct

iv
it

y.
 

In
 

co
n

tr
as

t,
 w

e 
h

av
e 

sh
o

w
n

 i
n

 
a 

co
m

p
an

io
n

 
re

p
o

rt
 

th
at

 
se

le
ct

iv
it

y
 

of
 

d
ig

ly
ce

rl
d

es
 

fo
r 

th
e 

b
io

sy
n

th
es

is
 

o
f 

tr
ig

ly
ce

ri
d

es
 

P
C

 
an

d
 

P
E

 
o

cc
u

rs
 

in
 

ra
t 

li
v

er
. 

T
h

e 
si

m
il

ar
it

ie
s 

in
 

co
m

p
o

si
ti

o
n

 
at

 
bo

th
 

th
e 

1 
an

d
 

2 
p

o
si

ti
o

n
s 

b
et

w
ee

n
 

tr
ig

ly
c-

 
er

id
es

 
an

d
 

d
ia

cy
l 

P
C

 
an

d
 

b
et

w
ee

n
 

G
E

D
E

 
an

d
 

al
k

y
l 

ac
y

l 
P

C
 

su
g

g
es

t 
a 

lo
ss

 
of

 
ac

y
l 

C
o

A
:l

y
so

p
h

o
sp

h
at

ld
e 

ae
yl

 
tr

an
sf

er
as

e 
en

zy
m

es
 

w
h

ic
h

 
ar

e 
p

re
se

n
t 

in
 

n
o

rm
al

 
ti

ss
u

e.
 

M
et

ab
ol

ic
 

re
la

- 
ti

o
n

sh
ip

s 
d

er
iv

ed
 

fr
o

m
 

st
ru

ct
u

ra
l 

an
al

y
se

s 
of

 
ac

yl
, 

al
lr

yl
 

an
d

 
al

k
-l

-e
n

y
l 

m
o

ie
ti

es
 

of
 

g
ly

ce
ri

d
es

 
an

d
 

p
h

o
sp

h
o

g
ly

ee
ri

d
es

 
an

d
 

fr
o

m
 

es
ta

b
li

sh
ed

 
p

at
h

w
ay

s 
fo

r 
ac

y
ia

ti
o

n
 

re
ac

ti
o

n
 

le
d 

to
 

th
e 

p
ro

p
o

sa
l 

of
 

a 
m

et
ab

o
li

c 
p

at
h

w
ay

 
fo

r 
th

e 
b

io
sy

n
th

es
is

 
of

 
li

pi
ds

 
co

n
ta

in
in

g
 

g
ly

ce
ry

l 
et

h
er

s.
 

9 
M

E
T

A
B

O
T

uI
S

I~
[ 

O
E

 
L

O
N

G
 

C
H

A
IN

 
I~

A
T

T
Y

 
A

L
C

O
H

O
L

S
 : 

F
O

R
M

A
T

IO
N

 
O

F
 

W
A

X
E

S
 

A
N

D
 

G
L

Y
C

E
R

Y
L

 
E

T
H

E
R

S
. 

FR
E

D
 



SN
Y

D
E

~ 
B

O
Y

D
 M

A
L

O
N

E
 a

n
d

 J
A

M
E

S 
SO

O
D

SM
A

, M
ed

ic
al

 D
iv

is
io

n
, 

O
ak

 
R

id
g

e 
A

ss
o

ci
at

ed
 

U
n

iv
er

si
ti

es
, 

O
ak

 
R

id
g

e,
 

T
en

n
es

se
e.

 
F

at
ty

 
al

co
ho

ls
, 

p
ro

d
u

ce
d

 
d

u
ri

n
g

 
cl

ea
v

ag
e 

of
 

g
ly

se
ry

l 
et

h
er

s,
 

ar
c 

fo
rm

ed
 b

y
 t

h
e 

re
d

u
ct

io
n

 
o

f 
fa

tt
y

 a
ld

eh
y

d
es

 i
n

 
th

e 
p

re
se

n
ce

 
of

 
N

A
D

P
H

. 
R

ec
en

tl
y

, 
F

ri
ed

b
er

g
 

an
d

 
G

re
en

e 
d

ee
cr

lb
ed

 
an

 
en

zy
m

e 
sy

st
em

 i
n

 
m

am
m

al
ia

n
 a

n
d

 
do

gf
is

h 
li

v
er

s 
th

at
 

es
te

ri
fi

es
 

th
e 

fa
tt

y
 a

lc
oh

ol
s 

w
it

h
 w

ax
es

. 
W

e 
h

av
e 

ex
am

in
ed

 t
h

e 
o

x
id

at
io

n
 

an
l 

es
te

ri
fl

ea
ti

on
 

of
 

1-
~4

C
-f

at
ty

 
al

co
ho

ls
 

an
d

 
th

ei
r 

ro
le

 
as

 
~ re

eu
rs

o
rs

 
of

 
al

k
y

l 
g

ly
ee

ry
l 

et
h

er
s 

in
 

li
ve

r,
 

k
id

n
ey

, 
sp

le
en

, 
u

n
g

 
an

d
 

b
o

n
e 

m
ar

ro
w

 
of

 
ra

ts
 

an
d

 
in

 
n

eo
p

la
st

ic
 

ti
ss

u
e.

 
T

h
e 

m
et

ab
o

li
sm

 
of

 
fa

tt
y

 
al

co
ho

ls
 

w
as

 
in

v
es

ti
g

at
ed

 
in

 
h

o
m

o
g

cn
at

es
 

~
n

d
 

su
b

ee
ll

u
la

r 
fr

ac
ti

o
n

s.
 

T
h

e 
so

lu
bl

e 
p

ro
te

in
 

fr
ac

ti
o

n
 

(3
4

,0
0

0
 

su
p

er
n

at
e)

 
of

 
ce

ll
s 

co
n

ta
in

ed
 

th
e 

h
ig

h
es

t 
en

zy
m

at
ic

 
ac

ti
v

it
y

 
o

r 
w

ax
 

fo
rm

at
io

n
. 

T
h

e 
li

v
er

 
fr

ac
ti

o
n

 
fo

rm
ed

 
m

o
re

 
w

ax
 

th
an

 
an

al
o

g
o

u
s 

fr
ac

ti
o

n
s 

fr
o

m
 

k
id

n
ey

s,
 

sp
le

en
s,

 
lu

n
g

s 
o

r 
b

o
n

e 
m

ar
ro

w
; 

si
m

il
ar

 
re

su
lt

s 
w

er
e 

o
b

ta
in

ed
 

fo
r 

bo
th

 
th

e 
C

~
z

 
an

d
 

C
ls

z 
al

co
ho

ls
. 

O
x

id
at

io
n

 
of

 
th

e 
fa

tt
y

 
al

co
ho

ls
 

to
 

fa
tt

y
 

ac
id

s 
w

as
 

h
ig

h
es

t 
in

 
li

v
er

s 
an

d
 

k
id

n
ey

s 
an

d
 

C
xe

.~
 a

lc
oh

ol
 

w
as

 
th

e 
m

o
st

 
ac

ti
v

e 
su

b
st

ra
te

. 
In

 
v

iv
o

 
ex

p
er

im
en

ts
 

in
d

ic
at

ed
 

th
at

 
ox

id
at

io
n 

of
 

th
e 

al
co

ho
l 

to
 

th
e 

fa
tt

y
 

ac
id

 
an

d
 

su
b

se
q

u
en

t 
ae

y
la

ti
o

n
 w

it
h

 
gl

yc
er

ol
 i

s 
th

e 
m

aj
o

r 
m

et
ab

o
li

c 
ro

u
te

, 
b

u
t 

d
ir

ec
t 

es
te

ri
fi

ca
ti

on
 

w
it

h
 

fa
tt

y
 

ac
id

s 
to

 
fo

rm
 

w
ax

es
 

al
so

 
o

cc
u

rs
. 

In
 

n
eo

p
la

st
ic

 
ce

ll
s,

 
fa

tt
y

 
al

co
ho

ls
 

an
d

 
g

ly
ce

ra
ld

eh
y

d
e-

3
-P

O
, 

w
er

e 
re

ad
il

y
 

co
n

v
er

te
d

 t
o

 
al

ky
i 

g
ly

ce
ry

l 
et

h
er

s 
b

y
 

m
ic

ro
so

m
es

 i
n

 
th

e 
p

re
se

n
ce

 
of

 
A

T
P

, 
C

oA
 

an
d

 
M

g÷
+

. 

1
0

 
S

E
E

D
 

L
IP

ID
S

 
A

N
D

 
C

H
E

M
O

T
A

X
O

N
O

M
Y

. 
A

R
T

H
U

r 
S

. 
B

A
R

C
L

A
Y

, 
Q

U
E

N
T

IN
 

JO
N

E
S 

an
d

 
IV

A
N

 
A

. 
W

O
L

FF
, 

N
ew

 
C

ro
p

s 
R

es
ea

rc
h

 
B

ra
n

ch
, 

P
la

n
t 

In
d

u
st

ry
 

S
ta

ti
o

n
, 

B
el

ts
vi

ll
e,

 
M

ar
y

la
n

d
. 

D
u

ri
n

g
 

th
e 

p
as

t 
10

 
y

ea
rs

, 
n

ea
rl

y
 

8
0

0
0

 
se

ed
 

sa
m

p
le

s 
fr

o
m

 
17

0 
~p

la
nt

 
fa

m
il

ie
s 

h
av

e 
be

en
 

an
al

y
ze

d
 

fo
r 

g
ro

ss
 

ch
em

ic
al

 
co

m
- 

po
si

ti
on

 
a

n
d

 
m

o
re

 
th

an
 

2
,7

0
0

 
se

ed
 

oi
ls

 
fo

r 
fa

tt
y

 
ac

id
 

co
rn

- 
[p

os
iti

on
. 

T
h

is
 

re
se

ar
ch

 
h

as
 

g
en

er
at

ed
 

a 
w

ea
lt

h
 

of
 

ch
em

ic
al

 
~

n
fo

rm
at

io
n

 
o

n
 

se
ed

 
li

pl
ds

, 
m

u
ch

 
of

 
w

h
ic

h
 

ap
p

ea
rs

 
to

 
h

av
e 

ta
x

o
n

o
m

ic
 

si
g

n
if

ic
an

ce
. 

In
 

se
ed

 
p

la
n

ts
 

a 
p

o
si

ti
v

e 
co

rr
el

at
io

n
 

is
 

ev
id

en
t 

b
et

w
ee

n
 

oi
l 

an
d

 
p

ro
te

in
 

co
n

te
n

t:
 

fa
m

il
ie

s 
ri

ch
 

in
 

se
ed

 
oi

ls
 

te
n

d
 

al
so

 
to

 
b

e 
ri

ch
 

in
 

p
ro

te
in

; 
fa

m
il

ie
s 

w
it

h
 

st
ar

ch
y

 
se

ed
s 

te
n

d
 t

o
 b

e 
lo

w
 i

n
 

oi
l 

an
d

 
p

ro
te

in
. 

C
om

po
si

ti
on

al
 p

at
te

rn
s 

o
b

se
rv

ed
 

fo
r 

oi
l 

an
d

 p
ro

te
in

 
p

er
ce

n
ta

g
e 

se
em

 
ch

ar
ac

te
ri

st
ic

 
fo

r 
ce

rt
ai

n
 

fa
m

il
ie

s.
 

W
it

h
in

 
so

m
e 

fa
m

il
ie

s,
 

oi
l 

an
d

 
p

ro
te

in
 

co
n

te
n

t 
ar

e 
p

o
si

ti
v

el
y

 
co

rr
el

at
ed

, 
w

h
er

ea
s 

in
 

o
th

er
s 

th
es

e 
co

n
st

it
u

en
ts

 
v

a
ry

 
in

d
ep

en
d

en
tl

y
 

of
 

on
e 

an
o

th
er

. 
E

x
am

p
le

s 
of

 
ch

em
o

ta
x

o
n

o
m

lc
 

p
at

te
rn

s 
be

lo
w

 
th

e 
fa

m
il

y
 

le
ve

l 
ar

e 
p

ro
v

id
ed

 
b

y
 

co
m

p
ar

at
iv

e 
d

at
a 

on
 

fa
tt

y
 

ac
id

 
co

m
po

si
ti

on
 

of
 

se
ed

 
oi

ls
 

w
it

h
in

 
th

e 
fa

m
il

ie
s 

B
o

ra
g

in
ac

ea
e,

 
C

o
m

p
o

sl
ta

e 
an

d
 

C
ru

ci
fe

ra
e.

 
T

h
e 

co
m

p
o

si
ti

o
n

al
 

d
at

a 
co

n
fi

rm
 

ta
x

o
n

o
m

ic
 

co
n

ce
p

ts
 

sy
n

th
es

iz
ed

 
fr

o
m

 
m

o
re

 
tr

ad
it

io
n

al
 

so
u

rc
es

 
of

 
ev

id
en

ce
. 

C
h

em
ic

al
 

ch
ar

- 
ac

te
ri

za
ti

o
n

 
of

 
m

aj
o

r 
ta

x
o

n
o

m
ic

 
ca

te
g

o
ri

es
 

w
it

h
in

 
a 

fa
m

il
y

 
is

 i
ll

u
st

ra
te

d
 b

y
 f

at
ty

 a
ci

d
 p

ro
fi

le
s 

of
 t

h
e 

fo
u

r 
w

id
el

y
 r

ec
o

g
n

iz
ed

 
su

b
fa

m
il

ie
s 

of
 

th
e 

B
o

ra
g

in
ac

ea
e:

 
C

or
di

oi
de

ae
, 

E
h

re
tl

o
id

ea
s,

 
H

el
io

tr
o

p
io

id
ea

e 
an

d
 

B
o

ra
g

in
o

id
ea

e.
 

T
h

e 
o

cc
u

rr
en

ce
 

of
 

h
ig

h
 

p
er

ce
n

ta
g

es
 

of
 

d
im

o
rp

h
ee

el
ic

 
ac

id
 

in
 

o
n

ly
 

th
e 

g
en

u
s 

D
/m

o
r-

 
ph

ot
hc

ca
, 

a 
si

n
g

le
 s

ec
ti

on
 

(B
/a

~
/u

m
) 

of
 t

h
e 

g
en

u
s 

O
st

eo
sp

cr
~u

n~
 

an
d

 t
h

e 
g

en
u

s 
C

~
s~

//
s,

 
su

p
p

o
rt

s 
cu

rr
en

t 
co

n
ce

p
ts

 o
f 

re
la

ti
o

n
sh

ip
 

an
d

 
p

h
y

lo
g

en
y

 w
it

h
in

 
th

e 
tr

ib
e 

C
al

en
d

u
le

ae
 

(C
o

m
p

o
si

ta
e)

 
b

as
ed

 
o

n
 

co
m

p
ar

at
iv

e 
m

o
rp

h
o

lo
g

y
. 

T
h

e 
re

la
ti

o
n

sh
ip

s 
am

o
n

g
 

th
re

e 
g

en
er

a 
of

 
th

e 
C

ru
ci

fe
ra

e,
 

~7
~r

d~
za

in
e,

 
L

sa
ve

nw
or

th
i~

 
an

d
 

~
de

ni
~

, 
h

av
e 

lo
n

g
 

b
ee

n
 

u
n

ce
rt

ai
n

. 
T

h
e 

fa
tt

y
 

ac
id

 
co

m
p

o
si

ti
o

n
 

of
 r

ep
re

se
n

ta
ti

v
es

 o
f 

th
es

e 
g

en
er

a 
su

g
g

es
ts

 
an

 
al

li
an

ce
 

b
et

w
ee

n
 

L
¢~

ve
n~

o~
hi

~
 

an
d

 
8c

lc
ni

a 
b

u
t 

n
o

t 
b

et
w

ee
n

 
th

es
e 

g
en

er
a 

an
d

 
(~

ar
d~

m
in

e.
 

O
n

 
th

e 
b

as
is

 
of

 
co

m
p

ar
at

iv
e 

m
o

rp
h

o
lo

g
y

 
an

d
 

cy
to

lo
gy

, 
P

h
ys

~
lg

 
is

 
th

e 
g

en
u

s 
m

o
st

 
cl

os
el

y 
re

la
te

d
 

to
 

L
es

qu
~r

cl
~ 

an
d

 
n

o
w

 
th

e 
d

is
co

v
er

y
 

o
f 

ls
eq

ue
ro

li
c 

ac
id

 
in

 
on

ly
 

th
es

e 
g

en
er

a 
of

 
C

ru
ei

fe
ra

e 
co

rr
o

b
o

ra
te

s 
th

is
 

re
la

ti
o

n
sh

ip
. 

A
ls

o 
in

 
se

ed
s 

of
 

~
es

q
u

er
¢

~
, 

th
e 

d
is

tr
ib

u
ti

o
n

 
of

 
C

~
 

an
d

 
C

~o
 

m
on

o-
 

d
ro

x
y

 
ac

id
s 

p
ro

v
id

es
 

an
 

ex
am

p
le

 
o

f 
th

e 
po

ss
ib

le
 

u
ti

li
ty

 
of

 
st

oi
ca

l 
in

fo
rm

at
io

n
 

in
 

h
el

p
in

g
 

to
 

el
u

ci
d

at
e 

re
la

ti
o

n
sh

ip
s 

w
it

h
in

 g
en

er
a.

 
In

 t
h

e 
g

en
u

s 
(/

re
p

~
, 

th
e 

sp
ec

ie
s 

so
 f

ar
 

an
al

y
ze

d
 

ag
re

e 
m

ar
k

ed
ly

 
w

it
h

 
th

e 
se

ct
io

na
l 

cl
as

si
fi

ca
ti

on
 

of
 

th
e 

g
en

u
s 

w
it

h
 

re
sp

ec
t 

to
 

th
e 

am
o

u
n

ts
 

o
f 

cr
ep

en
y

n
ic

 
an

d
 

v
er

n
o

li
c 

ac
id

 
in

 
th

ei
r 

se
ed

 
oi

ls
. 

!!
 

T
A

X
O

N
O

M
IC

 
P

A
T

T
E

R
N

S
 

IN
 

T
H

E
 

L
IP

ID
S

 
O

F
 

P
H

O
T

O
- 

S
Y

N
T

H
E

T
IC

 
T

IS
S

U
E

. 
B

. 
W

. 
N

IC
H

O
L

S 
an

d
 

R
. 

J.
 

B
. 

W
O

O
D

, 
U

n
il

ev
er

 
R

es
ea

rc
h

 
L

ab
o

ra
to

ri
es

, 
C

o
lw

o
rt

h
 

H
o

u
se

, 
S

h
ar

n
b

ro
o

k
, 

B
ed

fo
rd

, 
E

n
g

la
n

d
. 

T
h

e 
re

la
ti

o
n

sh
ip

 
b

et
w

ee
n

 t
h

e 
li

p
id

 
an

d
 

fa
tt

y
 

ac
id

 
co

m
p

o
si

ti
o

n
 

o
f 

p
la

n
t 

ti
ss

u
es

 
an

d
 

th
ei

r 
ta

x
o

n
o

m
ic

 s
ta

tu
s 

h
as

 
b

ee
n

 
in

te
n

si
v

el
y

 
st

u
d

ie
d

 
fr

o
m

 
th

e 
st

an
d

p
o

in
t 

of
 

se
ed

 
an

d
 

le
af

 
cu

ti
cl

e 
an

al
y

se
s.

 

T
h

e 
o

b
v

io
u

s 
li

m
it

at
io

n
s 

of
 

su
ch

 
li

ne
s 

of
 

ap
p

ro
ac

h
 

ar
e 

th
at

 
th

ey
 

ca
n

 
o

n
ly

 
b

e 
ap

p
l/

ed
 

to
 

th
e 

h
ig

h
er

 
p

la
n

ts
 

in
 

w
h

ic
h

 
th

es
e 

cl
ea

rl
y

 
de

fi
ne

d 
.o

rg
an

s 
o

cc
u

r.
 

T
h

e 
q

u
es

ti
o

n
 

w
h

et
h

er
 

so
m

e 
fo

rm
 

o
f 

li
p

id
 

an
al

y
sx

s 
ca

n
 

as
si

st
 

in
 

th
e 

cl
as

si
fi

ca
ti

on
 

of
 

lo
w

er
 

fo
rm

s 
o

f 
p

la
n

t 
li

fe
 

h
as

 
h

it
h

er
to

 
re

ce
iv

ed
 

en
ly

 
sp

o
ra

d
ic

 
at

te
n

ti
o

n
, 

b
u

t 
ce

rt
ai

n
 

co
n

si
st

en
t 

fe
at

u
re

s 
h

av
e 

n
o

w
 

b
ee

n
 

es
ta

b
li

sh
ed

. 
T

h
in

- 
la

y
er

 
ch

ro
m

at
o

g
ra

p
h

ic
 

an
al

y
se

s 
of

 
li

p
id

 
ex

tr
ac

ts
 

fr
o

m
 

ph
ot

o-
 

sy
n

th
et

ic
 

ti
ss

u
es

 
ca

n
 

re
ad

il
y

 
d

et
er

m
in

e 
w

h
et

h
er

 
th

e 
o

ri
g

in
al

 
ti

ss
u

e 
w

as
 

th
at

 
of

 
a 

h
ig

h
er

 
p

la
n

t,
 

a.
 h

ig
h

er
 

al
g

a,
 

a 
b

lu
e-

g
rs

en
 

al
g

a 
o

r 
a 

b
ac

te
ri

u
m

. 
In

 
ce

rt
ai

n
 

ci
rc

u
m

st
an

ce
s 

m
o

re
 

sp
ec

if
ic

 
in

fo
rm

at
io

n
 

re
g

ar
d

in
g

 
th

e 
cl

as
si

fi
ca

ti
on

 
of

 
th

e 
o

ri
g

in
al

 
ce

ll
 

ca
n

 
b

e 
o

b
ta

in
ed

. 
In

 
p

ar
ti

cu
la

r,
 

a 
gl

yc
ol

ip
id

 u
n

iq
u

e 
to

 
n

it
ro

g
en

- 
fi

xi
ng

 
b

lu
e-

g
re

en
 

al
g

ae
 

h
as

 
b

ee
n

 
ch

ar
ac

te
ri

ze
d

 
an

d
 

th
is

 
co

m
- 

p
o

u
n

d
 

o
cc

u
rs

 
on

ly
 

in
 

cu
lt

u
re

s 
w

h
ic

h
 

h
av

e 
fi

xe
d 

m
o

le
cu

la
r 

n
it

ro
g

en
 

d
u

ri
n

g
 

g
ro

w
th

. 
In

 
ad

d
it

io
n

, 
a 

g
ly

ce
ri

d
e 

w
h

ic
h

 
co

n-
 

ta
in

s 
n

it
ro

g
en

, 
b

u
t 

n
o

 
p

h
o

sp
h

o
ru

s,
 

h
as

 
b

ee
n

 
is

o
la

te
d

 
an

d
 

ap
p

ea
rs

 
to

 
b

e 
ch

ar
ac

te
ri

st
ic

 
of

 
th

e 
O

c/
~

ro
m

on
us

 
fa

m
il

y
 

of
 

p
h

y
to

fl
ag

el
la

te
e.

 
M

o
re

o
v

er
, 

fa
tt

y
 

ac
id

 
co

m
po

si
ti

on
s,

 
p

ar
ti

cu
la

rl
y

 
w

h
en

 
re

la
te

d
 

to
 

th
e 

o
rg

sn
el

la
s 

an
d

 
li

pi
ds

 
in

 
w

h
ic

h
 

th
ey

 
o

cc
u

r,
 

ca
n

 
al

so
 

as
si

st
 

in
 

th
e 

ta
x

o
n

o
m

ic
 

cl
as

si
fi

ca
ti

on
 

of
 

th
e 

lo
w

er
 

fo
rm

s 
of

 
p

la
n

t 
li

fe
. 

12
 

T
H

E
 

D
IS

T
R

IB
U

T
IO

N
 

O
F

 
S

T
E

R
O

L
S

, 
A

L
K

A
L

O
ID

S
 

A
N

D
 

F
A

T
T

Y
 A

C
ID

S
 

IN
 

S
E

N
IT

A
 

C
A

C
T

U
S

 
O

V
E

R
 

IT
S

 
R

A
N

G
E

 
IN

 
S

O
N

O
R

A
, 

M
E

X
IC

O
. 

H
E

N
R

Y
 

W
. 

K
IR

C
H

E
E

, 
D

ep
ar

tm
en

t 
of

 
A

g
ri

cu
lt

u
ra

l 
B

io
ch

em
is

tr
y

, 
U

n
iv

er
si

ty
 

of
 

A
ri

zo
n

a,
 

T
u

cs
o

n
, 

A
ri

zo
n

a.
 

S
en

it
a 

ca
ct

u
s 

[L
o

p
h

o
cc

rs
u

s 
sc

h
o

tt
~

 
(E

n
g

el
m

an
n

) 
B

ri
tt

o
n

 
an

d
 

R
o

se
] 

is
 

on
e 

of
 

th
e 

la
rg

e 
co

lu
m

n
ar

 
ca

ct
i 

th
at

 
g

ro
w

 
in

 
so

u
th

w
es

te
rn

 U
n

it
ed

 
S

ta
te

s 
an

d
 

n
o

rt
h

w
es

te
rn

 M
ex

ic
o.

 
It

 
ra

n
g

es
 

fr
o

m
 t

h
e 

U
S

-M
ex

lc
o 

b
o

rd
er

 
so

u
th

 
th

ro
u

g
h

 
th

e 
st

at
es

 
of

 
S

o
n

o
ra

 
an

d
 

B
aj

a 
C

al
if

o
rn

ia
 

p
ar

tw
ay

 
in

to
 

th
e 

st
at

e 
of

 
S

in
al

o
a.

 
T

h
e 

m
o

rp
h

o
lo

g
y

 
of

 
th

e 
p

la
n

t 
ch

an
g

es
 

a
s 

o
n

e 
tr

av
el

s 
fr

o
m

 
th

e 
ar

id
 

n
o

rt
h

 
to

 
th

e 
w

et
te

r 
so

u
th

. 
A

 
D

ro
so

p
h

il
a 

sp
ec

ie
s 

(]
).

 
p

ac
/z

ea
) 

th
at

 
u

se
s 

se
n

it
a 

ex
cl

u
si

v
el

y
 

as
 

a 
h

ab
it

at
 

h
as

 
a 

ch
ro

m
o

so
m

al
 i

n
v

er
si

o
n

 
w

h
o

se
 

fr
eq

u
en

cy
 

in
 

th
e 

p
o

p
u

la
ti

o
n

 
al

so
 

sh
o

w
s 

a 
cl

in
e 

fr
o

m
 

n
o

rt
h

 
to

 
so

ut
h.

 
T

h
e 

ca
ct

u
s 

co
n

ta
in

s 
a 

n
u

m
b

er
 

of
 

u
n

u
su

al
 

st
er

o
ls

 
[i

n
cl

u
d

in
g

 
4-

a-
m

et
hy

l-
A

~
-c

ho
lc

st
en

- 
8~

-0
1 

(l
o

p
h

en
o

i)
 

an
d

 
A

V
-s

tig
m

ee
te

n-
3~

-o
l 

~
sc

h
o

tt
en

o
l)

],
 

a 
tr

i-
 

te
rp

en
e 

fr
ac

ti
o

n
 t

h
at

 i
n

cl
u

d
es

 l
up

eo
l,

 
so

m
e 

ls
o

q
u

in
o

ll
n

e 
al

k
al

o
id

s 
[i

n
cl

u
d

in
g

 
1-

is
ob

ut
yl

-2
 -m

et
h

y
l-

6
-m

et
h

o
x

y
-7

-h
y

d
ro

x
y

-l
,2

,S
,4

-t
et

ra
h

Y
- 

d
ro

is
o

q
u

in
o

li
n

e 
(l

o
p

h
o

ce
re

in
e)

 
an

d
 

it
s 

tr
im

er
, 

p
il

o
ce

re
in

e]
 

an
d

 
a 

fa
tt

y
 

ac
id

 
fr

ac
ti

o
n

 
co

m
po

se
d 

m
o

st
ly

 o
f 

p
al

m
it

ic
, 

el
si

e,
 

li
no

lc
ic

 
an

d
 

li
no

le
ni

c 
ac

id
s.

 
P

la
n

ts
 

w
er

e 
sa

m
p

le
d

 
o

v
er

 
m

o
st

 
of

 
S

o
n

o
ra

 
an

d
 

an
al

y
ze

d
 

fo
r 

th
e 

ti
tl

e 
co

m
p

o
u

n
d

s 
b

y
 

ch
ro

m
at

o
g

ra
p

h
ic

 
m

et
h

o
d

s 
to

 
se

e 
if

 
ch

em
ic

al
 

ch
an

g
es

 
ac

co
m

p
an

ie
d

 
th

e 
m

o
rp

h
o

- 
lo

gi
ca

l,
 

ch
an

g
es

 
an

d
 

to
 

d
et

er
m

in
e 

w
h

et
h

er
 

th
e 

ch
ro

m
o

so
m

al
 

re
v

er
si

o
n

 
in

 
D

. 
p

ac
h

e~
 

co
ul

d 
b

e 
co

rr
el

at
ed

 
w

it
h

 
d

if
fe

re
n

ce
s 

in
 

th
e 

li
pi

d 
fr

ac
ti

o
n

 
of

 
th

e 
ca

ct
u

s.
 

T
h

e 
re

su
lt

s 
of

 
th

is
 

in
v

es
ti

g
at

io
n

 
sh

o
w

ed
 

g
re

at
er

 
d

if
fe

re
n

ce
s 

b
et

w
ee

n
 

ju
v

en
il

e 
an

d
 

m
at

u
re

 b
ra

n
ch

es
 

of
 

th
e 

sa
m

e 
p

la
n

t 
an

d
 

b
et

w
ee

n
 

th
e 

ep
id

er
m

is
 

an
d

 
co

rt
ex

 
of

 
an

 
in

d
iv

id
u

al
 

b
ra

n
ch

 
th

an
 

b
et

w
ee

n
 

p
la

n
ts

 
co

l-
 

le
ct

ed
 

o
v

er
 

a 
3

5
0

 
m

il
e 

ra
n

g
e 

an
d

 
b

el
o

n
g

in
g

 
to

 
tw

o
 

d
is

ti
n

ct
 

v
ar

ie
ti

es
. 

T
h

e 
y

o
u

n
g

er
 b

ra
n

ch
es

 
co

n
ta

in
ed

 
a 

h
ig

h
er

 
p

ro
p

o
rt

io
n

 
of

 
th

re
e 

u
n

k
n

o
w

n
 

st
er

ol
s,

 
tr

it
er

p
en

ee
, 

p
h

en
o

li
c 

al
ka

lo
id

s 
an

d
 

li
n

o
le

n
ic

 
ac

id
 

th
an

 
th

e 
o

ld
er

 
b

ra
n

ch
es

. 
T

h
e 

la
tt

er
 

co
n

ta
in

ed
 

m
u

ch
 

m
o

r~
 

of
 

a 
fa

tt
y

 
ac

id
 

fr
ac

ti
o

n
 

h
av

in
g

 
le

ss
 

th
an

 
16

 
ca

rb
o

n
 

at
o

m
s.

 
W

h
en

 
th

e 
ep

id
er

m
is

 
w

as
 

co
m

p
ar

ed
 

to
 

th
e 

co
rt

ex
 

of
 

s 
si

ng
le

 
b

ra
n

ch
, 

it
 

co
n

ta
in

ed
 

m
o

re
 

of
 

th
e 

u
n

k
n

o
w

n
 

st
er

ol
s,

 
tr

it
cr

p
en

es
 

an
d

 
li

no
le

ni
c 

ac
id

. 
T

h
is

 
m

ay
 

b
e 

a 
fu

n
ct

io
n

 
of

 
th

e 
p

h
o

to
sy

n
th

et
ic

 
ap

p
ar

at
u

s,
 

w
h

ic
h

 
li

es
 

en
ti

re
ly

 
in

 
th

e 
ep

id
er

m
is

 
of

 
th

e 
ca

ct
u

s.
 

E
x

ce
p

t 
fo

r 
a 

h
ig

h
er

 
p

ro
p

o
rt

io
n

 
of

 
fa

tt
y

 
ac

id
s 

of
 

ca
rb

o
n

 
n

u
m

b
er

 
le

ss
 

th
an

 
16

 
in

 
o

ld
er

 
ar

m
s 

of
 

p
la

n
ts

 
in

 
so

u
th

er
n

 
S

o
n

o
ra

, 
n

o
 

ch
em

ic
al

 
d

if
fe

re
n

ce
s 

w
er

e 
n

o
te

d
 

th
at

 
co

rr
el

at
ed

 
w

it
h

 
th

e 
m

o
rp

h
o

lo
g

ic
al

 
d

if
fe

re
n

ce
s 

an
d

 
th

e 
in

- 
v

er
si

o
n

 
fr

eq
u

en
ci

es
 

n
o

te
d

 
in

 
th

e 
g

ia
n

t 
ch

ro
m

o
so

m
es

 
of

 
D

. 
pa

c/
te

~
. 

T
h

es
e 

d
if

fe
re

n
ce

s 
ar

e 
m

o
re

 
li

ke
ly

 
d

u
e 

to
 

d
if

fe
re

n
t 

cl
im

at
es

 t
h

an
 

to
 

th
e 

ch
em

ic
al

 
ch

ar
ac

te
ri

st
ic

s 
o

f 
ee

n
it

a 
ca

ct
u

s.
 

13
 

IJ
IP

ID
 C

O
N

T
E

N
T

 A
N

D
 F

A
T

T
Y

 A
C

ID
 A

N
A

L
Y

S
IS

 O
F

 T
H

R
E

E
 

P
U

R
E

 
V

A
R

IE
T

IE
S

 
O

F
 

O
A

T
S

 
(A

V
B

IV
A

 
E

A
T

II
rA

) 
G

R
O

W
N

 
U

N
D

E
R

 
V

A
R

IO
U

S
 

A
G

R
IC

U
L

T
U

R
A

L
 P

R
A

C
T

IC
E

S
. 

G
E

O
R

G
E

 
C

. 
PO

T
T

E
R

 
an

d
 

JO
Y

 
C

A
R

Y
, 

T
h

e 
Q

u
ak

er
 

O
at

s 
C

o.
, 

Jo
h

n
 

S
tu

ar
t 

R
es

ea
rc

h
 

L
ab

o
ra

to
ry

, 
B

ar
ri

n
g

to
n

, 
Il

li
no

is
. 

T
h

re
e 

v
ar

ie
ti

es
 o

f 
o

at
s 

w
er

e 
g

ro
w

n
 

u
si

n
g

 
th

re
e 

se
ed

in
g

 r
at

es
 

an
d

 
th

re
e 

fe
rt

il
iz

at
io

n
 

le
ve

ls
. 

T
h

e 
v

ar
ie

ti
es

 
in

cl
u

d
ed

 
a 

lo
w

, 
m

o
d

er
at

e 
an

d
 h

ig
h

 f
at

 
co

n
te

n
t 

ty
p

e 
oa

t.
 

T
h

e 
o

at
s 

w
er

e 
d

eh
u

ll
ed

 
an

d
 

an
al

y
ze

d
 

fo
r 

cr
u

d
e 

fa
t 

co
n

te
n

t 
an

d
 

fa
tt

y
 

ac
id

 
co

n
te

n
t 

o
f 

th
e 

n
eu

tr
al

 
ll

p
id

s 
of

 
th

e 
g

ro
at

s.
 

T
h

e 
ef

fe
ct

 
of

 
th

es
e 

cr
o

p
p

in
g

 
p

ra
ct

ic
es

 
on

 
cr

u
d

e 
fa

t 
an

d
 

fa
tt

y
 

ac
id

 
co

n
te

n
t 

w
as

 
ne

gl
ig

ib
le

. 
T

h
es

e 
p

ar
am

et
er

s 
ar

e 
g

en
et

ic
al

ly
 

co
nt

ro
ll

ed
. 

B
y

 
co

m
p

ar
in

g
 

th
e 

th
re

e 
v

ar
ie

ti
es

 
w

it
h

 
th

e 
sa

m
e 

o
at

 
v

ar
ie

ti
es

 
g

ro
w

n
 i

n
 

a 
m

o
re

 
so

u
th

er
n

 
la

ti
tu

d
e,

 
so

m
e 

in
d

ic
at

io
n

 
of

 
a 

sh
if

t 
in

 
th

e 
co

n
te

n
t 

o
f 

li
no

ls
ic

 
ac

id
 

w
as

 
in

d
ic

at
ed

. 
H

o
w

ev
er

 c
li

m
at

e 
h

as
 

v
er

y
 l

it
tl

e 
ef

fe
ct

 
o

n
 

th
e 

to
ta

l 
li

pi
d 

co
n

te
n

t 
o

f 
th

e 
ca

t.
 

1
4

 
C

O
N

T
IN

U
O

U
S

 
E

X
T

R
U

S
IO

N
 

C
O

O
K

IN
G

 
O

F
 

C
O

T
T

O
N

S
E

E
D

 
K

E
R

N
E

L
S

 
A

N
D

 
O

F
 

P
A

R
T

IA
L

L
Y

 D
E

F
A

T
T

E
D

 
M

E
A

L
. 

S
. 

P
. 

C
L

A
~K

, 
T

ex
as

 
A

&
M

 
U

n
iv

er
si

ty
, 

C
o

tt
o

n
se

ed
 

P
ro

d
u

ct
s 

R
es

ea
rc

h
 

L
ab

o
ra

to
ry

, 
C

ol
le

ge
 

S
ta

ti
o

n
, 

T
ex

as
. 

C
o

n
ti

n
u

o
u

s 
ex

tr
u

si
o

n
 

co
o

k
in

g
 p

ro
d

u
ce

s 
a 

sh
o

rt
 

ti
m

e 
p

re
ss

u
re

 
co

o
k

in
g

 
of

 
th

e 
m

at
er

ia
l 

b
ei

n
g

 p
ro

ce
ss

ed
. 

T
h

e 
W

en
g

er
 

ex
tr

u
d

er
- 

co
o

k
er

 
h

as
 

b
ee

n
 

su
cc

es
sf

u
ll

y
 

ap
p

li
ed

 
b

y
 

o
th

er
s 

to
 

m
a

n
y

 
m

a-
 

te
ri

al
s 

in
cl

u
d

in
g

 
so

y
b

ea
n

s.
 

T
h

is
 

is
 

a 
re

p
o

rt
 

of
 

an
 

in
v

es
ti

g
at

io
n

 
of

 
th

e 
ex

tr
u

d
er

-c
o

o
k

er
 

ap
p

li
ed

 
to

 
g

la
n

d
ed

 
co

tt
o

n
se

ed
 

m
ea

ts
 

an
d

 
to

 
p

ar
ti

al
ly

 
d

ef
at

te
d

 
co

tt
o

n
se

ed
 

m
ea

l.
 

T
h

e 
p

ri
n

ci
p

al
 

ob
- 

je
ct

iv
e 

w
as

 
lo

w
er

in
g

 
of

 
fr

ee
 

go
se

yp
ol

 
in

 
th

es
e 

m
at

er
ia

ls
. 

T
h

e 
ex

tr
u

d
er

 
w

as
 

n
o

t 
ef

fe
ct

iv
e 

in
 

re
d

u
ci

n
g

 
re

si
d

u
al

 
go

se
yp

ol
 

to
 

lo
w

 
le

ve
ls

, 
h

o
w

ev
er

 
th

e 
p

re
co

n
d

it
io

n
er

 
ah

ea
d

 
of

 
th

e 
ex

tr
u

d
er

 
w

as
 

ef
fe

ct
iv

e.
 

F
re

e 
oi

l, 
fo

am
 

an
d

 
fl

u
id

it
y

 
in

 
th

e 
ex

tr
u

d
er

 
di

s-
 

ch
ar

g
e 

w
as

 
an

 
o

p
er

at
in

g
 

p
ro

b
le

m
 

w
h

ic
h

 
w

as
 

co
n

tr
o

ll
ed

 
b

y
 

th
e 

ad
d

it
io

n
 

o
f 

w
at

er
 

to
 

th
e 

m
at

er
ia

l 
ah

ea
d

 
of

 
th

e 
ex

tr
u

d
er

. 
E

x
tr

u
si

o
n

 
co

ok
ed

 
m

ea
ts

 
w

er
e 

sc
re

w
 

p
re

ss
ed

 
su

cc
es

sf
ul

ly
, 

ho
w

- 
ev

er
 

th
e 

oi
ly

 
ch

ar
ac

te
r 

of
 

su
ch

 
m

ea
ts

 
w

o
u

ld
 

b
e 

a 
p

o
te

n
ti

al
 

p
ro

b
le

m
 

fo
r 

a 
sc

re
w

 
p

re
ss

in
g

 
o

p
er

at
io

n
. 

IS
 

R
E

A
C

T
IO

N
 

O
F

 
G

O
S

S
Y

P
O

L
 

W
IT

H
 

A
M

IN
O

 
A

C
ID

S
 

P
E

1
 ~-

 
T

ID
E

S
 

A
N

D
 

O
T

H
E

R
 

A
iK

IN
0

-C
O

M
P

O
U

N
D

S
--

-P
R

E
P

A
R

A
. 

T
IO

N
, 

P
U

R
IF

IC
A

T
IO

N
 

A
N

D
 

C
H

A
R

A
C

T
E

R
IZ

A
T

IO
N

. 
C

A
R

e.
 

M
. 

C
A

T
E

Z
~ 

an
d

 
C

A
R

 T.
 M

. 
L

Y
M

aN
, 

C
ot

to
ns

ee
d 

P
ro

d
u

ct
s 

R
es

ea
rc

h
 

L
ab

o
ra

to
ry

, 
T

ex
as

 
A

&
M

 
U

n
iv

er
si

ty
, 

C
ol

le
ge

 
S

ta
ti

o
n

, 
T

ex
as

. 
G

os
ey

po
l,

 
th

e 
ye

ll
ow

 
p

ig
m

en
t 

fo
u

n
d

 
in

 
co

tt
on

se
ed

, 
h

as
 

lo
n

g
 

b
ee

n
 

k
n

o
w

n
 

to
 

fo
rm

 
co

m
pl

ex
es

 
w

it
h

 
p

ro
te

in
, 

th
e 

b
in

d
in

g
 

si
te

 
th

o
u

g
h

t 
to

 
co

n
si

st
 

p
ri

n
ci

p
al

ly
 

of
 

th
e 

ep
sl

io
n

-a
m

in
o

 
g

ro
u

p
 

of
 

ly
si

ne
. 

H
o

w
ev

er
, 

th
e 

re
ac

ti
o

n
s 

of
 

ge
es

yp
ol

 
w

it
h

 
fr

ee
 

am
in

o
 

ac
id

s,
 

sm
al

l 
p

ep
ti

d
es

 
an

d
 

o
th

er
 

am
in

o
-c

o
n

ta
in

in
g

 
co

m
p

o
u

n
d

s 
ar

e 
le

ss
 

w
el

l 
k

n
o

w
n

. 
S

tu
d

ie
s 

h
av

e 
b

ee
n

 
co

n
d

u
ct

ed
 

in
 

aq
u

eo
u

s 
so

lu
ti

on
s 

co
n

ta
in

in
g

 
en

o
u

g
h

 
al

co
ho

l 
to

 
k

ee
p

 
th

e 
go

ss
Y

po
l 

in
 

so
lu

ti
on

, 
w

h
ic

h
 

d
em

o
n

st
ra

te
 

sp
ec

tr
o

sc
o

p
ic

 
ch

an
g

es
 

as
 

th
e 

re
ac

- 
ti

o
n

 
p

ro
ce

ed
s,

 
al

o
n

g
 

w
it

h
 

an
 

in
cr

ea
se

 
in

 
ra

te
 

of
 

re
ac

ti
o

n
 

w
it

h
 

in
cr

ea
se

 
in

 
p

H
 

in
 

th
e 

ra
n

g
e 

fr
o

m
 

5
."

[ 
to

 
7.

5.
 

T
h

e 
ra

te
 

of
 

re
ac

ti
o

n
 

of
 

go
ss

yp
ol

 
w

it
h

 
am

in
o

 
ac

id
s 

h
as

 
b

ee
n

 
sh

o
w

n
 

to
 

b
e 

re
la

te
d

 
to

 
th

e 
d

is
ta

n
ce

 
of

 
th

e 
am

in
o

 
g

ro
u

p
 

fr
o

m
 

th
e 

ea
rb

o
x

y
l 

g
ro

u
p

 
w

it
h

in
 

th
e 

m
ol

ec
ul

e.
 

R
ea

ct
io

n
 

p
ro

d
u

ct
s 

of
 

go
se

yp
ol

 
w

it
h

 
am

in
o

 
ac

id
s,

 
sm

al
l 

p
ep

ti
d

es
 

an
d

 
am

ln
e-

co
n

ta
ln

ln
g

 
co

m
- 

p
o

u
n

d
s 

w
er

e 
su

b
je

ct
ed

 
to

 
v

ar
io

u
s 

p
u

ri
fi

ca
ti

o
n

 
p

ro
ce

d
u

re
s 

an
d

 
an

al
y

si
s 

to
 

d
et

er
m

in
e 

co
m

b
in

at
io

n
 

ra
ti

o
s.

 
In

 
ad

d
it

io
n

 
to

 
th

e 
ex

p
ec

te
d

 
g

o
ss

y
p

o
l-

to
-a

m
in

o
-c

o
m

p
o

u
n

d
 

ra
ti

o
 

of
 

1
:2

, 
d

ic
ta

te
d

 
b

y
 

th
e 

fo
rm

at
io

n
 

o
f 

S
ch

if
f-

ba
se

 
ty

p
e 

b
o

n
d

s 
w

it
h

 
th

e 
tw

o
 

al
d

eh
y

d
e 

g
ro

u
p

s 
of

 
go

ss
yp

ol
, 

co
m

p
o

u
n

d
s 

w
it

h
 

ra
ti

o
s 

of
 

1
:3

 
an

d
 

1
:4

 
w

er
e 

is
ol

at
ed

. 
T

h
es

e 
re

su
lt

s 
in

d
ic

at
e 

th
at

 
ea

ch
 

of
 

th
e 

tw
o

 
al

d
eh

y
d

e 
g

ro
u

p
s 

of
 

go
es

yp
ol

 
ca

n
 

re
ac

t 
w

it
h

 
tw

o
 

am
in

o
- 

co
m

p
o

u
n

d
s.

 

1
6

 
C

H
E

M
IC

A
L

 I
N

A
C

T
IV

A
T

IO
N

 O
F

 C
Y

C
L

O
P

R
O

P
E

N
O

ID
 F

A
T

T
Y

 
A

C
ID

S
 

IN
 

C
O

T
T

O
N

S
E

E
D

 
M

E
A

L
S

. 
H

. 
J.

 
O

'N
E

IL
L

, 
H

. 
G

. 
R

E
IL

IC
H

, 
J.

 
PR

00
T

O
R

 
an

d
 

~V
. 

A
. 

PO
N

S,
 

JR
.,

 
T

IT
 

R
es

ea
rc

h
 

In
st

it
u

te
, 

C
hi

ca
go

, 
Il

li
no

is
. 

C
o

m
m

er
ci

al
 

co
tt

o
n

se
ed

 
m

ea
ls

 
w

er
e 

su
b

je
ct

ed
 

to
 

ch
em

ic
al

 
tr

ea
tm

en
t 

w
it

h
 

o
rg

an
ic

 
ac

id
s,

 
an

h
y

d
ro

u
s 

g
as

es
 

an
d

 
su

lf
h

y
d

ry
l 

co
m

p
o

u
n

d
s 

to
 

re
d

u
ce

 
th

e 
cy

cl
o

p
ro

p
en

o
id

 
fa

tt
y

 
ac

id
 

(C
P

A
) 

co
n

te
n

t.
 

S
el

ec
te

d 
m

ea
ls

 
w

er
e 

th
en

 
in

co
rp

o
ra

te
d

 
at

 
2

0
 

w
t 

le
ve

ls
 

in
 

th
e 

ra
ti

o
n

s 
of

 
la

y
in

g
 

h
en

s 
an

d
 

co
m

p
ar

ed
 

ag
ai

n
st

 
a 

n
eg

at
iv

e 
co

n
tr

o
l 

co
n

ta
in

in
g

 
2

5
 

w
t 

%
 

so
y

b
ea

n
 

m
ea

l 
an

d
 

a 
p

o
si

ti
v

e 
co

n
tr

o
l 

co
n

si
st

in
g

 
of

 
2

%
 

re
fi

n
ed

 
co

tt
o

n
se

ed
 

oi
l 

of
 

k
n

o
w

n
 

C
P

A
 

co
n

te
n

t 
(2

5
 

p
p

m
 

C
P

A
).

 
D

u
ri

n
g

 
an

d
 

af
te

r 
a 

fo
u

r-
w

ee
k

 
fe

ed
in

g
 

p
er

io
d

, 
eg

g
s 

w
er

e 
co

ll
ec

te
d 

an
d

 
st

o
re

d
 

fo
r 

th
re

e 
an

d
 

si
x 

m
o

n
th

s 
at
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. 

R
at

io
n

 
co

n
su

m
p

ti
o

n
, 

yo
lk

 
an

d
 

al
b

u
m

en
 

d
is

co
lo

ra
ti

o
n

, 
p

H
 

of
 

yo
lk

s 
an

d
 

al
b

u
m

en
, 

an
d

 
y

o
lk

 
fa

tt
y

 
ac

id
 

p
at

te
rn

s 
w

er
e 

d
et

er
m

in
ed

. 
O

f 
th

e 
re

ag
en

ts
 

u
se

d
, 

su
lf

u
r 

d
io

x
id

e 
el

im
in

at
ed

 
p

ra
ct

ic
al

ly
 

al
l 

th
e 

re
si

d
u

al
 

C
P

A
 

in
 

th
e 

m
ea

l 
an

d
 

y
ie

ld
ed

 
im

p
ro

v
ed

 
eg

g
 

q
u

al
it

y
. 

T
hi

og
ly

co
ll

ic
 

ac
id

 
tr

ea
te

d
 

m
ea

l 
ex

h
ib

it
ed

 
re

d
u

ce
d

 
al

b
u

m
en

 
d

is
co

lo
ra

ti
o

n
 

an
d

 
n

o
rm

al
 

y
o

lk
 

an
d

 
al

b
u

m
en

 
p

H
, 

b
u

t 
d

id
 

ex
h

ib
it

 
h

ig
h

 
yo

lk
 

d
is

co
lo

ra
ti

o
n

 
af

te
r 

th
re

e 
m

o
n

th
s 

(3
2

%
) 

an
d

 
si

x 
m

o
n

th
s 

(1
00

o/
~

) 
st

o
ra

g
e,

 
el

si
e 

ac
id

 
tr

ea
te

d
 

m
ea

ls
 

w
er

e 
le

ss
 

ef
fe

ct
iv

e 



th
an

 
ei

th
er

 
su

lf
u

r 
d

io
x

id
e 

o
r 

th
io

gl
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ol
li

c 
ac

id
 

tr
ea
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en

t 
u

n
d

er
 

th
e 

co
n

d
it

io
n

s 
em

pl
oy

ed
. 

T
h

e 
th

io
gl

yc
ol

li
e 

ac
id

 
tr

ea
te

d
 

m
e

a
l 

al
so

 
ex

h
ib

it
ed

 
a 

m
ar

k
ed

 
re

d
u

ct
io

n
 

in
 

h
en

 
co

n
su

m
p

ti
o

n
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co
m

p
ar

ed
 

to
 

th
e 

n
eg

at
iv

e 
co

n
tr

o
l 

(3
6

%
) 

an
d

 
su

lf
u

r 
di

ox
id

e 
tr

ea
te

d
 

ra
ti

o
n

s 
(5

0
%

).
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S
T

R
U

C
T

U
R

A
L

 
A

N
A

L
Y

S
IS

 
O

F
 

F
A

T
T

Y
 

A
C

ID
S

 
V

IA
 

O
Z

O
N

O
L

Y
S

IS
. 

O
. 

S
. 

P
g

IV
~

, 
T

h
e 

H
o

rm
el

 
In

st
it

u
te

, 
A

u
st

in
, 

M
in

n
es

o
ta

. 
A

 
3

5
 

ra
in

, 
1

6
 

m
m

 
co

lo
r 

m
o

v
ie

 d
em

o
n

st
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ti
n

g
 t

h
e 

te
ch

n
iq

u
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oz

on
el
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fo

r 
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e 
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o
n
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d

o
u

b
le

 
b

o
n

d
s 
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fa
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y
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s 
w

il
l 

b
e 

p
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n

te
d

. 
T

h
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re
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l 
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p
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 a
n

d
 

b
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 p
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n
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p

le
s 
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e 
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ti
o

n
s 

u
p

o
n

 
w

h
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h
 

th
e 
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m

m
o

n
 

m
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h
o

d
s 

ar
e 

b
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ar
e 

il
lu
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te
d
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w
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co
n

si
d

er
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io
n

 
of

 f
ac

to
rs

 t
h
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u
en

ce
 

th
e 

re
ac

ti
o

n
 

an
d

 
ca

u
se

 
sp

u
ri

o
u

s 
re

su
lt

s.
 

A
 

m
et

h
o

d
 

fo
r 

th
e 

d
et

er
m

in
at

io
n

 
o

f 
sp

ec
if

ic
 

po
si

ti
on

s 
of

 
~ 

an
d

 
tr

~
z~

 
do

ub
le

 
b

o
n

d
s 

in
 

p
o

ly
u

n
sa

tu
ra

te
d

 
fa

tt
y

 
ac

id
s 

is
 

d
em

o
n

st
ra

te
d

 
an

d
 

ap
p

li
ed

 
to

 
th

e 
an

al
y

si
s 

of
 

li
v

er
 

fa
tt

y
 

ac
id

s 
co

n
ta

in
in

g
 

tr
an

s 
ac

id
s.
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M
IC

R
O

-O
Z

O
N

IZ
E

R
: 

A
N

 
A

P
P

A
R

A
T

U
S

 
F

O
R

 
O

Z
O

N
O

L
Y

S
IS

. 
N

IC
H

O
L

A
S 

P
E

L
IC

K
, 

S
up

el
co

, 
In

c.
, 

B
el

le
fo

nt
e,

 
P

en
n

sy
lv

an
ia

. 
A

 
m

ic
ra

-o
zo

n
iz

er
 

d
ev

ic
e 

is
 

d
es

cr
ib

ed
 

fo
r 

lo
ca

ti
n

g
 

do
ub

le
 

b
o

n
d

s 
in

 
o

rg
an

ic
 

co
m

p
o

u
n

d
s.

 
O

zo
n

iz
at

io
n

 
is

 
co

n
d

u
ct

ed
 

o
n

 
as

 
li

tt
le

 
as

 
a 

m
ic

ro
g

ra
m

 
of

 
m

et
h

y
l 

es
te

rs
 

of
 

fa
tt

y
 

ac
id

s.
 

T
h

e 
re

ac
ti

o
n

 i
s 

co
m

p
le

te
d

 i
n

 
a 

fe
w

 m
in

u
te

s 
an

d
 

g
as

 
ch

ro
m

at
o

g
ra

p
h

y
 

is
 

u
se

d
 

fo
r 

th
e 

an
al

y
si

s 
of

 
th

e 
oz

on
ol

ys
is

 
fr

ag
m

en
ts

. 

1
9

 
A

U
T

O
M

A
T

E
D

 
M

E
T

H
O

D
 

F
O

R
 

T
H

E
 

D
E

T
E

R
M

IN
A

T
IO

N
 

O
F

 
T

O
T

A
L

 
E

N
Z

Y
M

E
 

IN
 

P
R

E
S

O
A

K
 

D
E

T
E

R
G

E
N

T
S

. 
L

. 
M

. 
PA

IX
A

O
, 

E
. 

~
. 

M
A

IT
H

E
I~

'y
 

an
d

 
0

. 
B

E
~

z,
 

C
o

lg
at

e-
P

al
m

o
li

v
e 

R
es

ea
rc

h
 

C
en

te
r ,

 
P

is
ca

ta
w

ay
, 

N
ew

 
Je

rs
ey

. 
A

 
m

od
if

ie
d 

L
o

w
ry

 
co

lo
r 

re
ac

ti
o

n
 

h
as

 
b

ee
n

 
ad

ap
te

d
 

fo
r 

th
e 

au
to

m
at

ed
 d

et
er

m
in

at
io

n
 o

f 
to

ta
l 

en
zy

m
e 

in
 

p
re

-s
ca

k
 

d
et

er
g

en
ts

. 
T

h
e 

d
et

er
g

en
t 

sa
m

p
le

, 
in

 
a 

b
u

ff
er

ed
 m

ed
iu

m
, 

is
 

p
as

se
d

 
th

ro
u

g
h

 
an

 
io

n
-e

x
ch

an
g

e 
co

lu
m

n
 

an
d

 
th

e 
ef

~
u

en
t 

re
ac

te
d

 
w

it
h

 
F

o
li

n
- 

C
io

ca
lt

ea
u

 
p

h
en

o
l 

re
ag

en
t.

 
R

ea
ct

io
n

 
w

it
h

 
th

e 
ty

ro
o

in
e 

g
ro

u
p

s 
in

 
th

e 
en

zy
m

e 
re

su
lt

s 
in

 t
h

e 
fo

rm
at

io
n

 o
f 

a 
bl

ue
 c

o
m

p
le

x
 w

h
ic

h
 

*s
 

p
ro

p
o

rt
io

n
al

 
to

 
en

zy
m

e 
co

n
ce

n
tr

at
io

n
. 

A
 

n
o

v
el

 
ap

p
ro

ac
h

 
to

 
co

lu
m

n
 c

h
ro

m
at

o
g

ra
p

h
y

 i
s 

p
re

se
n

te
d

. 
It

 
ut

il
iz

es
 

a 
T

ec
h

n
ic

o
n

 
S

am
p

le
r 

II
 

to
 

au
to

m
at

ic
al

ly
 

fe
ed

 
sa

m
p

le
s 

at
 

th
e 

ra
te

 
o

f 
1

0
 

p
er

 h
o

u
r 

in
to

 t
h

e 
io

n
-e

x
ch

an
g

e 
co

lu
m

n
. 

T
h

e 
m

et
h

o
d

 i
s 

ac
cu

ra
te

 
an

d
 

h
as

 
b

ee
n

 
u

se
d

 
in

 
q

u
al

it
y

 
co

n
tr

o
l 

w
o

rk
 

as
 

w
el

l 
as

 
in

 
re

se
ar

ch
. 

In
te

rf
er

en
ce

s 
o

f 
so

m
e 

fo
rm

u
la

ti
o

n
 

in
g

re
d

ie
n

ts
 

an
d

 
li

m
it

at
io

n
s 

of
 

th
e 

m
et

h
o

d
 

ar
e 

d
is

cu
ss

ed
. 

2
0

 
F

L
U

O
R

E
S

C
E

N
T

 
W

H
IT

E
N

IN
G

 
A

G
E

N
T

S
 

F
O

R
 

E
N

Z
Y

M
E

- 
C

O
N

T
A

IN
IN

G
 

L
A

U
N

D
R

Y
 

P
R

O
D

U
C

T
S

. 
P

~
R

 
S

. 
S~

E
N

SR
Y

, 
W

IL
L

IA
~

 
R

. 
F

IN
D

I~
Y

 
an

d
 

C
H

A
R

L
E

S
 W

. 
L

IE
B

E
R

~,
 

G
ei

g
y

 
In

d
u

st
ri

al
 

C
he

m
ic

al
s,

 
A

rd
sl

ey
, 

N
ew

 
Y

o
rk

. 
F

lu
o

re
sc

en
t 

w
h

it
en

in
g

 
ag

en
ts

 
(F

W
A

),
 

p
re

v
io

u
sl

y
 

ca
ll

ed
 

o
p

ti
ca

l 
b

ri
g

h
te

n
er

s,
 

fl
u

o
re

sc
en

t 
bl

ea
ch

es
, 

et
c~

, 
h

av
e 

b
ec

o
m

e 
st

an
d

ar
d

 
in

g
re

d
ie

n
ts

 
in

 
m

oo
t 

la
u

n
d

ry
 

p
ro

d
u

ct
s.

 
S

in
es

 
1

9
6

8
 

in
 

E
u

ro
p

e 
an

d
 

si
n

es
 

1
9

6
7

 
in

 
th

e 
U

S
A

, 
th

e 
u

se
 

of
 

en
zy

m
es

 
in

 
p

ro
-s

o
ak

in
g

 
ag

en
ts

 
an

d
 

h
ea

v
y

 d
u

ty
 

d
et

er
g

en
ts

 
h

as
 

in
cr

ea
se

d
 

tr
em

en
d

o
u

sl
y

. 
It

 
ap

p
ea

rs
 

th
at

 
in

 
th

e 
U

n
it

ed
 

S
ta

te
s 

th
e 

u
sa

g
e 

of
 

en
zy

m
es

 
w

il
l 

co
n

ti
n

u
e 

to
 

in
cr

ea
se

 
o

v
er

 
th

e 
co

m
in

g
 

y
ea

rs
. 

E
v

en
tu

al
ly

 
en

zy
m

es
, 

ll
ke

 
F

W
A

, 
m

ig
h

t 
b

ec
o

m
e 

st
an

d
ar

d
 

co
m

- 
p

o
n

en
ts

 
o

f 
h

o
m

e 
la

u
n

d
ry

 
p

ro
-s

o
ak

s 
an

d
 

d
et

er
g

en
ts

. 
T

h
e 

co
m

p
at

ib
il

it
y

 
o

f 
cu

rr
en

tl
y

 
av

ai
la

b
le

 
al

k
al

in
e 

p
ro

te
ae

es
 

(a
n

d
 

am
y

la
se

s)
 

o
n

 
o

n
e 

h
an

d
, 

an
d

 
su

rf
ac

ta
n

ts
, 

b
u

il
d

er
s,

 
fi

ll
er

s,
 

et
c.

, 
o

n
 

th
e 

o
th

er
, 

h
as

 
b

ee
n

 
d

is
cu

ss
ed

 
in

 
re

ce
n

t 
p

ap
er

s.
 

L
it

tl
e 

in
- 

fo
rm

at
io

n
 i

s 
av

ai
la

b
le

 o
n

 
th

e 
in

te
ra

ct
io

n
 

of
 

F
W

A
 

an
d

 
en

zy
m

es
. 

T
h

is
 

]~
ap

er
 

w
il

l 
d

is
cu

ss
 

th
e 

w
h

it
en

er
 

sy
st

em
s 

cu
rr

en
tl

y
 

b
ei

n
g

 
u

se
d

 
m

 
p

ro
-s

o
ak

in
g

 
ag

en
ts

 
an

d
 

h
ea

v
y

 
d

u
ty

 
d

et
er

g
en

ts
. 

D
at

a 
o

n
 

p
er

fo
rm

an
ce

 
of

 
co

m
m

o
n

ly
 u

se
d

 
F

W
A

 
in

 
fo

rm
u

la
ti

o
n

s 
w

it
h

 
an

d
 

w
it

h
o

u
t 

en
zy

m
es

 
w

il
l 

al
so

 
b

e 
p

re
se

n
te

d
 

an
d

 
in

te
ra

ct
io

n
 

of
 F

~
A

 
an

d
 

en
zy

m
es

 
d

is
cu

ss
ed

. 
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A
N

 
A

U
T

O
M

A
T

E
D

 
D

E
T

E
R

M
IN

A
T

IO
N

 
O

F
 

L
IN

E
A

R
 

A
L

K
'Y

L
 

S
U

L
F

O
N

A
T

E
S

 
IN

 
S

P
R

A
Y

 
D

R
IE

D
 

D
E

T
E

R
G

E
N

T
S

. 
E

. 
H

. 
B

~
aN

D
L

I 
an

d
 

R
. 

M
. 

K
~

L
L

~
Y

, 
C

o
lg

at
e-

P
al

m
o

li
v

e 
C

o
m

p
an

y
, 

P
is

ca
ta

w
ay

, 
N

ew
 

Je
rs

ey
. 

A
n

 
au

to
m

at
ed

 
p

ro
ce

d
u

re
 

h
as

 
b

ee
n

 
d

ev
el

o
p

ed
 

fo
r 

th
e 

d
et

er
. 

ru
in

at
io

n
 

of
 

li
n

ea
r 

al
k

y
l 

su
lf

o
n

at
es

 
in

 
sp

ra
y

 
d

ri
ed

 
d

et
er

g
en

ts
. 

It
 

is
 

b
as

ed
 

u
p

o
n

 
th

e 
u

lt
ra

 
v

io
le

t 
ab

se
rb

an
es

 
of

 
li

n
ea

r 
al

k
y

l 
su

lf
o

n
at

es
 

at
 

2
2

4
 

m
~

. 
A

 
T

ec
h

n
ic

o
n

 
so

li
d 

p
re

p
ar

at
iv

e 
sa

m
p

le
r 

is
 

em
p

lo
y

ed
 

to
 

di
ss

ol
ve

 
th

e 
sa

m
p

le
, 

d
il

u
te

 
to

 
a 

fi
xe

d 
v

o
lu

m
e 

an
d

 
re

m
o

v
e 

an
 

al
iq

u
o

t 
fo

r 
an

al
y

si
s.

 
T

h
e 

sa
m

p
le

 
al

iq
u

o
ts

 
ar

e 
eo

n
ti

n
o

u
sl

y
 

fe
d

 
th

ro
u

g
h

 
a 

T
ec

h
n

ic
o

n
 

p
ro

p
o

rt
io

n
in

g
 

p
u

m
p

 
to

 
a 

fl
ow

 
ce

ll
 

in
 

a 
B

ec
k

m
an

 
D

U
 

sp
ee

tr
o

p
h

et
o

m
et

er
. 

T
h

e 
sp

ee
- 

~
o

p
h

o
to

m
et

er
 

is
 

eq
u

ip
p

ed
 

w
it

h
 

a 
sp

ec
tr

al
 

en
er

g
y

 
re

co
rd

in
g

 
at

ta
ch

m
en

t 
an

d
 

a 
st

ri
p

 
ch

ar
t 

re
co

rd
er

. 
A

ll
 

o
p

er
at

io
n

s,
 

ex
- 

cl
u

d
in

g
 

sa
m

p
le

 
w

ei
g

h
in

g
, 

ar
e 

au
to

m
at

ic
 

an
d

 
an

al
y

se
s 

ca
n

 
b

e 
ca

rr
ie

d
 

o
u

t 
co

n
ti

n
u

o
u

sl
y

 
at

 
th

e 
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ns

 
w

as
 

ex
am

in
ed

 
w

it
h

 
sp

ec
if

ic
al

ly
 

la
be

le
d 

fa
tt

y
 

ac
id

s.
 

T
h

e 
ca

rb
o

n
 c

h
ai

n
s 

of
 p

al
m

it
ic

 a
n

d
 s

te
ar

ic
 a

ci
d

 w
er

e 
in

co
rp

o
ra

te
d

 i
n-

 
ta

ct
 

in
to

 
n

C
~

 
p

ar
af

fi
n

 
of

 
B

. 
oZ

e~
ac

s~
 a

n
d

 
nC

sl
 

p
ar

af
fi

n
 

of
 

p
ea

 
an

d
 

sp
in

ac
h

, 
st

ea
ri

c 
ac

id
 b

ei
n

g
 

a 
m

u
ch

 b
et

te
r 

p
re

cu
rs

o
r.

 
T

h
u

s,
 

H
 

a 
h

ea
d

-t
o

-h
ea

d
 

co
n

d
en

sa
ti

o
n

 
of

 
th

es
e 

fa
tt

y
 

ac
id

s 
re

su
lt

s 
in

 
p

ar
af

fi
n

 
s~

yn
th

es
is

, 
th

e 
o

th
er

 
co

n
d

en
si

n
g

 
ac

id
 

m
u

st
 

lo
se

 
it

s 
ca

rb
o

x
y

l 
ca

rb
o

n
. 

H
o

w
ev

er
, 

d
o

u
b

ly
 

la
b

el
ed

 
C

z~
 

ac
id

 
w

as
 

in
co

r-
 

 hO
U 

d 
ei

th
er

 
th

e 
ex

o
g

en
o

u
s 

fa
tt

y
 

ac
id

s 
ca

n
 

co
n

d
en

se
 

o
n

ly
 

w
it

h
 

en
do

- 
g

en
o

u
s 

ac
id

s 
w

h
ic

h
 

sp
ec

if
ic

al
ly

 
lo

se
 

th
ei

r 
ca

rb
o

x
y

l 
ca

rb
o

n
, 

o
r 

fa
tt

y
 

ac
id

s 
p

ro
d

u
ce

 
p

ar
af

fi
n

s 
b

y
 

u
n

d
er

g
o

in
g

 
el

o
n

g
at

io
n

 
an

d
 

d
ec

ar
b

o
x

y
la

ti
o

n
. 

T
h

e 
ca

rb
o

n
y

l 
g

ro
u

p
 

of
 

th
e 

C
~

 
ke

to
ne

, 
w

h
ic

h
 

is
 

su
p

p
o

se
d

ly
 

an
 

in
te

rm
ed

ia
te

 
in

 
th

e 
co

n
d

en
sa

ti
o

n
 

ro
u

te
, 

h
as

 
b

ee
n

 
sh

o
w

n
 

to
 b

e 
d

er
iv

ed
 n

o
t 

fr
o

m
 

th
e 

ca
rb

o
x

y
l 

ca
rb

o
n

 
of

 
th

e 
p

re
cu

rs
o

r 
fa

tt
y

 
ac

id
 

b
u

t 
is

 
fo

rm
ed

 
o

n
 

a 
sp

ec
if

ic
 

ca
rb

o
n

 
o

f 
th

e 
p

re
cu

rs
o

r 
fa

tt
y

 
ac

id
 

b
u

t 
is

 
fo

rm
ed

 
on

 
a 

sp
ec

if
ic

 
ca

rb
o

n
 

at
o

m
 

of
 a

 p
re

fo
rm

ed
 s

at
u

ra
te

d
 c

ar
b

o
n

 c
h

ai
n

. 
F

u
rt

h
er

m
o

re
, 

la
be

le
d 

C
~s

 
ac

id
 d

id
 

g
iv

e 
ri

se
 t

o 
C

so
-C

ss
 

fa
tt

y
 

ac
id

s 
of

 h
ig

h
 

sp
ec

if
ic

 a
ct

iv
it

y
 

in
 

al
l 

p
ar

af
fi

n
 

sy
n

th
es

iz
in

g
 

p
la

n
t 

ti
ss

u
es

 
te

st
ed

. 
T

h
e 

fo
rm

at
io

n
 

of
 t

h
es

e 
el

o
n

g
at

io
n

 
p

ro
d

u
ct

s 
w

as
 

af
fe

ct
ed

 b
y

 l
ig

ht
, 

3
-(

4
- 

ch
lo

ro
- 

ph
en

yl
-l

,l
-d

im
et

hy
t 

u
re

a)
 

an
d

 
tr

lc
h

lo
ro

ac
et

ic
 

ac
id

 
in

 
th

e 
sa

m
e 

m
an

n
er

 
as

 
th

ey
 

af
fe

ct
ed

 p
ar

af
fi

n
 

sy
n

th
es

is
. 

T
h

is
 

an
d

 
o

th
er

 
ev

i-
 

d
en

ce
 

su
p

p
o

rt
s 

th
e 

el
o

n
g

at
io

n
-d

ec
ar

b
o

x
y

la
ti

o
n

 
m

ec
h

an
is

m
 

fo
r 

p
ar

af
fi

n
 

sy
n

th
es

is
 

in
 

p
la

n
ts

. 
T

h
e 

fa
tt

y
 

ac
id

s 
ar

e 
re

d
u

ce
d

 
to

 
al

co
ho

ls
 

p
re

su
m

ab
ly

 
v

ia
 

th
e 

al
d

eh
y

d
es

. 
T

h
e 

fa
tt

y
 

al
co

ho
ls

 
ar

e 
th

en
 

es
te

ri
fi

ed
 w

it
h

 f
at

ty
 a

ci
d

s 
to

 
g

iv
e 

w
ax

y
 e

st
er

s.
 

T
h

e 
m

ec
h

a-
 

n
is

m
s 

of
 

th
is

 
es

te
ri

fi
ea

ti
o

n
 

ar
e 

an
al

ag
o

u
s 

to
 

th
o

se
 

in
v

o
lv

ed
 

in
 

ch
ol

es
te

ro
l 

es
te

ri
fi

ca
ti

o
n

 
in

 
an

im
al

s;
 

n
am

el
y

, 
ac

y
l 

tr
an

sf
er

 
fr

o
m

 
p

h
o

sp
h

o
li

p
id

s 
an

d
 

ac
y

l 
C

oA
. 

T
H

E
 

C
U

T
IC

U
L

A
R

 L
IP

ID
S

 
O

F
 

IN
S

E
C

T
S

. 
L

~
R

Y
 

L
. 

JA
C

K
SO

~ 
an

d
 G

I~
A

~
 

L
. 

B
A

K
Sl

t, 
D

ep
ar

tm
en

t 
o

f 
C

h
em

is
tr

y
, 

M
o

n
ta

n
a 

S
ta

te
 

U
n

iv
er

si
ty

, 
B

o
ze

m
an

, 
M

o
n

ta
n

a.
 

K
n

o
w

le
d

g
e 

of
 t

h
e 

co
n

st
it

u
en

ts
 o

f 
in

se
ct

 c
u

ti
eu

la
r 

li
p

id
 i

s 
b

as
ic

 
to

 
an

 
u

n
d

er
st

an
d

in
g

 
of

 
th

e 
ro

le
 

of
 

th
e 

cu
ti

cl
e 

in
 

m
ai

n
ta

in
in

g
 

w
at

er
 b

al
an

ce
. 

S
in

ce
 i

n
 m

o
st

 o
f 

th
e 

in
se

ct
s 

in
v

es
ti

g
at

ed
 t

o 
d

at
e 

h
y

d
ro

ca
rb

o
n

s 
ar

e 
th

e 
m

o
st

 a
b

u
n

d
an

t 
co

n
st

it
u

en
t,

 
ch

ar
ac

te
ri

za
ti

o
n

 
of

 t
h

e 
h

y
d

ro
ca

rb
o

n
s 

is
 o

f 
in

te
re

st
. 

D
et

ai
le

d
 a

n
al

y
si

s 
of

 n
at

u
ra

ll
y

 
o

cc
u

rr
in

g
 h

y
d

ro
ca

rb
o

n
 m

ix
tu

re
s 

is
 

n
o

w
 

po
ss

ib
le

 
w

it
h

 t
h

e 
u

se
 

of
 

an
al

y
ti

ca
l 

an
d

 
p

re
p

ar
at

iv
e 

g
as

-l
iq

u
id

 
ch

ro
m

at
o

g
ra

p
h

y
, 

co
up

le
d 

w
it

h
 m

as
s 

sp
ec

tr
al

 t
ec

h
n

iq
u

es
. 

In
 

co
n

ju
n

ct
io

n
 w

it
h

 h
y

d
ro

ca
rb

o
n

 
ch

ar
ac

te
ri

za
ti

o
n

, 
th

e 
m

et
ab

o
li

c 
p

at
h

w
ay

s 
av

ai
la

b
le

 
fo

r 
h

y
d

ro
- 

ca
rb

o
n

 
b

io
sy

n
th

es
is

 
ar

e 
b

ei
n

g
 

in
v

es
ti

g
at

ed
. 

H
y

d
ro

ca
rb

o
n

 
bi

o-
 

sy
n

th
es

is
 i

s 
an

 
ar

ea
 

of
 l

ip
id

 m
et

ab
o

li
sm

 i
n

 w
h

ic
h

 l
it

tl
e 

h
as

 
b

ee
n

 
do

ne
. 

S
in

ce
 

m
o

re
 

in
fo

rm
at

io
n

 
is

 
av

ai
la

b
le

 o
n

 
h

y
d

ro
ca

rb
o

n
 

bi
o~

 
sy

n
th

es
is

 
in

 
p

la
n

ts
, 

th
e 

st
u

d
ie

s 
o

n
 

in
se

ct
 

h
y

d
ro

ca
rb

o
n

 
bi

os
yn

- 
th

es
is

 
w

il
l 

b
e 

co
m

p
ar

ed
 t

o
 

th
e 

sy
st

em
s 

fo
u

n
d

 
in

 
p

la
n

ts
. 

C
he

m
i-

 
ca

l 
ta

x
o

n
o

m
y

 
u

ti
li

zi
n

g
 

h
y

d
ro

ca
rb

o
n

 
p

at
te

rn
s 

w
il

l 
al

so
 

b
e 

di
s-

 
cu

ss
ed

. 

3
8

 
D

E
T

E
R

I~
IN

A
T

IO
N

 
O

F
 

T
H

E
 

C
O

M
P

O
S

IT
IO

N
 

O
F

 
U

N
H

Y
- 

D
R

O
L

Y
Z

E
D

 
B

E
E

S
W

A
X

. 
A

. 
P

. 
T

U
~L

O
C

H
, 

N
at

io
n

al
 

R
es

ea
rc

h
 

C
ou

nc
il

 
of

 
C

an
ad

a,
 

O
tt

aw
a,

 
C

an
ad

a.
 

B
ee

sw
ax

 h
as

 
b

ee
n

 
fr

ae
ti

o
n

at
ed

 
o

n
 

a 
si

li
ei

c 
ac

id
 

co
lu

m
n

 
in

to
 

h
y

d
ro

ca
rb

o
n

s 
(1

5
%

) 
an

d
 

es
te

rs
 

A
 

(8
5

%
),

 
es

te
rs

 
B

 
(1

2
%

),
 

es
te

rs
 C

 
(4

%
),

 
es

te
rs

 D
 

(8
%

),
 

es
te

rs
 E

 
(1

0
%

) 
an

d
 f

re
e 

ac
id

s 
(8

%
).

 
E

st
er

s 
A

 a
re

 c
o

m
p

o
se

d
 o

f 
C

~o
 t

o 
C

~o
 m

o
n

o
es

te
rs

 a
n

d
 e

st
er

s 
B

 
o

f 
d

ie
st

er
s 

co
n

ta
in

in
g

 a
cy

la
te

d
 

1
5

-h
y

d
ro

x
y

p
al

m
it

at
e.

 
E

st
er

s 
of

 
1

5
-h

y
d

ro
x

y
p

al
m

it
ic

 
ac

id
 

in
 

w
h

ic
h

 
th

e 
h

y
d

ro
x

y
l 

g
ro

u
p

 
is

 
n

o
t 

ac
y

la
te

d
 a

re
 p

re
se

n
t 

in
 

es
te

rs
 C

, 
D

 
an

d
 

E
. 

T
h

e 
fa

tt
y

 a
ci

d
 

co
m

- 
p

o
si

ti
o

n
 

of
 t

h
e 

d
if

fe
re

n
t 

es
te

rs
 w

il
l 

b
e 

d
is

cu
ss

ed
. 

T
h

e 
co

nf
lg

ur
a-

 
ti

o
n

ai
 

re
la

ti
o

n
sh

ip
 

o~
 t

h
e 

1
5

-h
y

d
ro

x
y

p
at

m
it

ic
 a

ci
d

 
of

 
b

ee
sw

a~
 t

o
 

th
e 

ac
id

 
of

 
th

e 
sa

m
e 

st
ru

cu
re

 
p

re
v

io
u

sl
y

 i
so

la
te

d
 

fr
o

m
 

n
at

u
ra

l 
so

u
rc

es
 h

as
 

b
ee

n
 i

n
v

es
ti

g
at

ed
. 

T
H

E
 

O
C

C
U

R
R

E
N

C
E

, 
F

U
N

C
T

IO
N

 A
N

D
 

B
IO

S
Y

N
T

H
E

S
IS

 
O

F
 

W
A

X
 E

S
T

E
R

S
 I

N
 M

A
R

IN
E

 O
R

G
A

N
IS

M
'S

. 
JU

D
D

 C
. 

N
~

v~
I~

zE
r.

, 
U

n
iv

er
si

ty
 o

f 
C

al
if

o
rn

ia
, 

L
o

s 
A

ng
el

es
, 

C
al

if
o

rn
ia

. 
T

h
e 

lo
n

g
-c

h
ai

n
 m

o
n

o
h

y
d

ri
c 

al
co

ho
l 

es
te

rs
 

of
 

fa
tt

y
 

ac
id

s 
(i

.e
.,

 
th

e 
w

ax
 e

st
er

s)
 

o
cc

u
r 

w
id

el
y

 a
m

o
n

g
 m

ar
in

e 
o

rg
an

is
m

s.
 

T
h

ey
 a

re
 

th
e 

p
ri

n
ci

p
al

 
li

p
id

 
ty

p
e 

in
 

at
 

le
as

t 
so

m
e 

ca
la

n
o

id
 

co
pe

po
ds

 
(c

ru
st

ac
ea

n
s)

, 
se

v
er

al
 f

am
il

ie
s 

of
 

fi
sh

es
, 

a
n

d
 

th
e 

sp
er

m
 

w
h

al
e.

 
T

h
e 

w
ax

 e
st

er
s 

fo
u

n
d

 i
n

 
th

e 
eg

g
s 

of
 t

h
e 

m
u

ll
et

s 
an

d
 

g
o

u
ra

m
is

, 
w

h
ic

h
 c

o
n

ta
in

 p
re

d
o

m
in

an
tl

y
 p

o
ly

u
n

sa
tu

ra
te

d
 f

at
ty

 a
ci

d
s 

C
~

--
C

~
 

es
te

ri
fl

ed
 w

it
h

 s
at

u
ra

te
d

 a
n

d
 m

o
n

o
u

n
sa

tu
ra

te
d

 n
-a

lk
an

o
ls

 
C

~-
C

~z
, 

]~
ro

ba
bl

y 
ar

c 
p

ri
m

ar
il

y
 r

es
er

v
e 

en
er

g
y

 
st

o
re

s 
fr

o
m

 
th

e 
de

ve
lo

p-
 

zn
g

 e
m

b
ry

o
s 

an
d

 l
ar

v
ae

. 
In

 
a 

se
co

nd
 g

ro
u

p
 o

f 
fi

sh
es

 a
n

d
 i

n
 

th
e 

sh
al

es
 

th
e 

w
ax

 
es

te
rs

 
ar

e 
p

re
se

n
t 

in
 

m
as

si
v

e 
am

o
u

n
ts

 
(u

p
 

to
 

1
6

.5
%

 
of

 t
h

e 
fr

es
h

 w
ei

g
h

t)
 

in
 t

h
e 

m
u

sc
le

 t
is

su
e,

 
an

d
 

ar
e 

in
 

th
e 

ra
n

g
e 

C
~-

C
do

, 
p

re
d

o
m

in
an

tl
y

 m
an

e-
 a

n
d

 
d

iu
n

sa
tu

ra
te

d
. 

T
h

e 
al

- 
co

ho
l 

m
o

ie
ti

es
 a

g
ai

n
 a

re
 

C
14

-C
~o

 s
at

u
ra

te
d

 a
n

d
 

m
o

n
o

u
n

sa
tu

ra
te

d
, 

b
u

t 
th

e 
ac

id
s 

co
n

ta
in

 
at

 m
o

st
 a

 
fe

w
 p

er
 c

en
t 

of
 p

o
ly

u
n

sa
tu

ra
te

d
 

co
m

p
o

n
en

ts
. 

In
 

th
es

e 
sp

ec
ie

s 
(m

an
y

, 
p

er
h

ap
s 

al
l 

of
 

w
h

ic
h

 
ar

e 
m

es
o

p
el

ag
ie

 f
is

he
s 

w
h

ic
h

 
m

ak
e 

ex
te

n
si

v
e 

d
iu

rn
al

 
v

er
ti

ca
l 

m
ig

ra
- 

ti
o

n
s 

in
 t

h
e 

o
p

en
 o

ce
an

) 
th

e 
w

ax
 e

st
er

s 
ar

e 
p

ri
m

ar
il

y
 a

 
b

u
o

y
an

t 
ag

en
t,

 
th

e 
p

re
se

n
ce

 
of

 l
ar

g
e 

am
o

u
n

ts
 

of
 

th
is

 
li

pi
d 

ty
p

e 
co

rr
el

at
- 

in
g

 w
it

h
 d

ee
p

er
 l

iv
in

g
 a

n
d

 v
er

ti
ca

l 
m

ig
ra

ti
o

n
, 

n
o

t 
w

it
h

 t
ax

o
n

o
m

ic
 

re
la

ti
o

n
sh

ip
s.

 
P

re
li

m
in

ar
y

 
in

v
es

ti
g

at
io

n
 

of
 

th
e 

b
io

sy
n

th
et

ic
 

of
 

w
ax

 
es

te
rs

 
in

 
fi

sh
es

 
h

as
 

es
ta

b
li

sh
ed

 
th

at
 

th
ey

 
in

co
rp

o
ra

te
 

ex
- 

o
g

en
o

u
s 

ac
et

at
e 

p
re

fe
re

n
ti

al
ly

 i
n

to
 t

h
e 

al
co

ho
l 

as
 c

o
m

p
ar

ed
 t

o
 t

h
e 

ac
id

 m
o

ie
ti

es
 

of
 t

h
e 

w
ax

 e
st

er
s,

 
an

d
 

in
 

th
e 

sa
m

e 
ra

ti
o

 
(9

0
:1

0
) 

as
 

fr
o

m
 

la
be

le
d 

1
-d

ex
ad

ec
an

o
h

 
P

al
m

it
ie

 
an

d
 

ol
ei

c 
ac

id
s 

ar
e 

h
an

d
le

d
 

di
ff

er
en

tl
y,

 
w

it
h

 
th

e 
fo

rm
er

 
la

b
el

in
g

 
eq

u
al

ly
 

th
e 

ac
id

 
an

d
 

al
co

ho
l 

m
oi
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id

e-
w

at
e~
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ll
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ed
 

b
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p

ar
ti
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o

n
in

g
 

w
it

h
 

b
en
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n

e 
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an
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th
e 

af
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to
x
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in
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 b
en
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n

e.
 

T
h

is
 p

ro
ce

d
u

re
 y

ie
ld

s 
ex

ce
p

ti
o

n
al

ly
 c

le
an

 
ex

tr
ac

ts
, 

th
u

s 
o

b
v

ia
ti

n
g

 i
n

 
m

a
n

y
 

in
st

an
ce

s 
th

e 
n

ee
d

 
fo

r 
co

lu
m

n
 

cl
ea

n
u

p
 

st
ep

s 
p

ri
o

r 
to

 
th

in
 

la
y

er
 

ch
ro

m
at

o
g

ra
p

h
y

. 
A

ls
o 

d
es

cr
ib

ed
 

ar
e 

se
v

er
al

 
v

er
sa

ti
le

 
v

ar
ia

ti
o

n
s 

of
 

co
lu

m
n

 
cl

ea
n

u
p

 
st

ep
s 

w
it

h
 

el
u-

 
ti

o
n

 
p

ro
g

ra
m

s 
ai

m
ed

 
at

 
o

b
ta

in
in

g
 

af
la

to
x

in
 

B
~ 

an
d

 
M

 
in

 
se

p-
 

ar
at

e 
fr

ac
ti

o
n

s 
in

 
w

h
ic

h
 

in
te

rf
er

in
g

 
su

b
st

an
ce

s 
w

it
h

 
R

~ 
v

al
u

es
 

cl
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e 
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th
er
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th

e 
af
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e 
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o
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. 

W
h

en
 

st
u

d
y

in
g

 
b

y
 

m
ea

n
s 
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el
ec

tr
o

n
 

m
ic

ro
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o
p

y
 t

h
e 

p
ro

te
in

 
co

m
p

o
n

en
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of

 
ce

ll
ul

ar
 

m
em

b
ra

n
es

, 
m

et
h

o
d

s 
m

u
st

 
b

e 
ap

p
li

ed
 

w
h

ic
h

 
do

 
n

o
t 

in
tr

o
d

u
ce

 
to

o 
d

ra
st

ic
 

ch
an

g
es

 
of

 
th

e 
n

at
iv

e 
co

n-
 

fo
rm

at
io

n
 o

f 
th

e 
p

ro
te

in
 m

ol
ec

ul
es

. 
A

ft
er

 p
re

se
rv

at
io

n
 o

f 
ti

ss
u

es
 

w
it

h
 

m
et

h
o

d
s 

th
at

 
ta

k
e 

th
is

 
as

p
ec

t 
in

to
 

ac
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u
n

t,
 

th
e 

ce
ll

u
la

r 
m

em
b

ra
n

es
 

ap
p

ea
r 
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ct
u

ra
ll

y
 

d
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fe
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n
t 
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o

m
 

th
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r 
ap

p
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ra
n
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r 
co

n
v
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n
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p
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p
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o

ry
 

p
ro

ce
d

u
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T
h
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d
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n
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n
 

b
e 
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o

w
n
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d

u
e 

to
 

an
 

ex
te

n
si

v
e 

d
en
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u

ra
ti

o
n

 
of

 
th

e 
m

em
- 

b
ra

n
e 

p
ro

te
in

s 
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te
r 
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n

v
en

ti
o

n
al
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xa
ti
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an
d

 
d
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y

d
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o

n
 

o
f 

th
e 

ti
ss

u
e.

 
T

h
e 

n
ew

 
o

b
se

rv
at

io
n

s 
m
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e 

o
n

 
ce

ll
u

la
r 

st
ru

ct
u

re
s 

af
te

r 
p

re
p

ar
in

g
 

th
e 

ti
ss

u
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ac

co
rd

in
g

 
to

 
a 

n
ew

 
te

ch
n
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u

e 
h

av
e 

m
ad

e 
it
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if
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bl

e 
to

 p
ro

p
o

se
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n

ew
 m

o
d
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 d
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g
 t

h
e 

m
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- 

u
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r 
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ra
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E
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B
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A
N
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C
O

M
P

O
N

E
N

T
S

. 
T

H
O

M
A

S
 ~

. 
T

~F
.R

Y
, 

A
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er
t 

E
in

st
ei

n
 

C
ol

le
ge

 
of

 
M

ed
ic

in
e,

 B
ro

n
x

, 
N

ew
 Y

o
rk

. 
In

fo
rm

at
io

n
 

o
n

 
th

e 
st

ru
ct

u
re
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p

u
ri

fi
ed

 
p

la
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a 
m

em
b

ra
n
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fr
o

m
 M
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m
a 
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w
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~
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h
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 b
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u
g

h
t 

b
y
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u
d

y
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 h
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w

 
th
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u

re
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m

o
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h
o
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g
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n
d

 
ch

em
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 b
y
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e 
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e 

re
m

o
v
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f 
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d 
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d

 
p

ro
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p
o

n
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M
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b
ra

n
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pl
et
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o
v
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0
5

%
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d 
b

y
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u
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u

s 
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o

n
e 
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o
n

 
h
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e 

a 
h
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h
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p

y
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 d

en
si

ty
 

(1
.2

5
 

g
/c

m
 3)

 
th
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n
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iv
e 

m
em

b
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n
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(1

.1
8

 
g

/e
ra
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 ;

 
tr

il
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el
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r 
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ct
u

re
 

an
d

 
v
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u
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r 
ch
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- 
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r 
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p
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n
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e 

ll
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ra
n
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n
 

b
e 
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d
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u
p
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8

0
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p
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b
y

 
p
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n
g
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b
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n

 
w
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p

ro
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T
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m
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b
u
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p
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m
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n
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re
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v
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u
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r 
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M
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b

ra
n
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u

n
d

 
h
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o
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e 
an

d
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m
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w
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d
im
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b
le

 
v
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m
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l 
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d 
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r 

p
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d
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n
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u

b
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u
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ed
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y
 c

o
m
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g

 t
h
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e 
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n
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T

h
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a 
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a 
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ro
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r 
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ra
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T
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n
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e 

b
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b
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d
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l 
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o

p
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o
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T

h
e 
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v
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o
u

n
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d
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n

t 
p

ro
te

in
s 
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d
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-c
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- 

ra
in
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g

 
p

ro
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s 

h
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e 
b

ee
n

 
q

u
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ti
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te
d

 
b

y
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l 
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y
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p
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p
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ra
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m
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o
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d
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o
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te
d
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m
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- 

b
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n
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. 
P

re
li

m
in
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id
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o
r 

di
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er
en
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s 

in
 

th
e 
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ti
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d

if
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n

t 
p
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s 

w
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h
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m
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w
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O
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R

 
L
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M
. 

E
. 

T
O

U
~T

~.
L

- 
L

O
T

T
E

 a
n

d
 R

. 
N

. 
M

C
E

L
H

A
I~

E
Y

, U
n

iv
er

si
ty

 o
f 

C
o

n
n

ec
ti

cu
t,

 
S

te
rr

s,
 

C
o

n
n

ec
ti

cu
t.

 
U

n
li

k
e 

th
at
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o

st
 c

el
ls

, 
th

e 
fa

tt
y

 
ac

id
 

co
m

p
o

si
ti

o
n

 
of

 
m

em
- 

b
ra

n
e 

p
o

la
r 

li
pi
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of
 

M
ye
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a 
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id
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w
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ca
n

 
b

e 
p

ro
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u
n

d
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v
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ie

d
. 

F
o

r 
ex

am
pl

e,
 

if
 

g
ro

w
n

 
in

 
h

ig
h

 
le

ve
ls

 
of

 
ex

o
g

en
o

u
s 

p
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m
it

ic
 a

ci
d

 
(1

6
:0

),
 

th
e 

p
o

la
r 

ll
pi

ds
 

of
 t

h
e 

ce
ll 

m
em

b
ra

n
e 

co
n-

 
ta

in
 9

0 
%

 
sa

tu
ra

te
d

 f
at

ty
 a

ci
ds

. 
O

n
 t

h
e 

o
th

er
 h

an
d

, 
w

h
en

 g
ro

w
n

 
in

 
ex

ce
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 p
al

m
it

o
le

ie
 

(1
6
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),

 
th

e 
p

o
la

r 
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pi
de

 
n

o
w

 
co

n
ta

in
 

o
v

er
 

8
0

%
 

u
n

sa
tu

ra
te

d
 

fa
tt

y
 

ac
id

s.
 

In
 

g
en

er
al

, 
in

co
rp

o
ra

ti
o

n
 

in
to

 
p

o
la

r 
li

p
id

s 
of

 
a 

la
rg

e 
n

u
m

b
er

 
of

 
u

n
sa

tu
ra

te
d

, 
b

ra
n

ch
ed

 
ch

ai
n,

 
cy

cl
o

p
ro

p
an

o
id

 
an

d
 

sa
tu

ra
te

d
 

od
d 

an
d

 
ev

en
 

ca
rb

o
n

 
n

u
m

b
er

ed
 

ac
id

s 
h
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li
tt

le
 

o
r 

n
o
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on

 
g
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w
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ra
te

 
o

r 
v
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b

il
it

y
. 

T
h
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e 

d
ra

st
ic

 
ch

an
g

es
 

in
 

fa
tt

y
 

ac
id

 
co

m
p

o
si

ti
o

n
 

ar
e,

 
h

o
w

ev
er

, 
ac

- 
co

m
p

an
ie

d
 

b
y

 
m

o
rp

h
o

lo
g

ic
al

 
ch

an
g

es
; 

ce
ll

s 
g

ro
w

n
 

in
 

u
n

sa
tu

- 
ra

te
d

, 
b

ra
n

ch
ed

 
ch

ai
n

 
an

d
 

cy
cl

o
p

ro
p

an
e 

fa
tt

y
 

ac
id

s 
g

ro
w

 
as

 
lo

n
g

 
fi

la
m

en
ts

 w
h

il
e 

th
o

se
 

in
 

lo
n

g
-c

h
ai

n
 

sa
tu

ra
te

d
 

ac
id

s 
b

ec
o

m
e 

co
cc

oi
d 

an
d

 e
v

en
tu

al
ly

 s
w

el
l 

an
d

 l
ys

e.
 

In
 t

h
e 

se
ri

es
 o

f 
sa

tu
ra

te
d

 
ac

id
s 

co
n

ta
in

in
g

 1
2 

to
 2

0 
ca

rb
o

n
 a

to
m

s,
 n

o
 l

ys
is

 o
cc

u
rs

 w
it

h
 

12
 

to
 

16
 

ca
rb

o
n

 
ac

id
s;

 
th

e 
17

 
ca

rb
o

n
 

ac
id

 
sh

o
w

s 
so

m
e 

ly
si

s 
w

h
il

e 
18

 
ca

rb
o

n
 

an
d

 l
o

n
g

er
 a

ci
d

s 
sh

o
w

 c
om

pl
et

e 
ly

si
s 

at
 

37
 0

. 
A

s 
th

e 
g

ro
w

th
 

te
m

p
er

at
u

re
 

is
 

lo
w

er
ed

 
fr

o
m

 
87

 C
 

to
 

25
 C

, 
th

e 
cr

it
ic

al
 

ch
ai

n
 l

en
g

th
 r

es
u

lt
in

g
 i

n
 l

ys
is

, 
as

 m
ea

su
re

d
 b

y
 o

p
ti

ca
l 

d
en

si
ty

 
of

 
ce

ll 
su

sp
en

si
o

n
s 

an
d

 
lo

ss
 

of
 

v
ia

b
il

it
y

 
d

ec
re

as
es

 
fr

o
m

 
17

 
ca

rb
o

n
 

at
 3

7
C

 
to

 
16

 
at

 
3

0
C

 
an

d
 t

o
 

15
 

at
 

2
5

C
. 

T
h

e 
in

te
rp

re
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ti
o

n
 

of
 

th
is

 
d

at
a 
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te
rm

s 
of

 
h

y
d

ro
p

h
o

b
ie
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pi
d-

li
pi

d 
in

te
ra

ct
io

n
s 

an
d

 
li

q
u

id
 

cr
y

st
al

li
n

e-
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y
st
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n
e 

tr
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ti

o
n

s 
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ec
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b

il
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er
s 

w
il
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b
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d
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w
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, 
R

h
o

d
e 
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n
d

. 
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o
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m

em
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ra
n

es
 a

n
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w
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s 
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ri
a 

u
n

d
er

g
o

 
a 

re
v

er
si

b
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 h
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 d
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y
 d
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n
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n
n
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 c
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o
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m
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an
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o
n
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n
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T
h

e 
tr
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ti
o

n
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m

p
er
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u
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of
 

th
e 

m
em

b
ra

n
es

 
ca

n
 

b
e 

ch
an

g
ed

 
b

y
 

ch
an

g
in

g
 

th
e 

fa
tt

y
 

ac
id

s 
co

m
- 

po
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ti
on

, 
an

d
 

al
w

ay
s 

is
 

th
e 

sa
m

e 
as

 
th

e 
tr

an
si

ti
o

n
 

te
m

p
er

at
u

re
 

of
 t

h
e 

ex
tr

ac
te

d
 m

em
b

ra
n

e 
li

pi
de

 
d

is
p

er
se

d
 

in
 

w
at

er
. 

B
io
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gi

ca
l 

ef
fe
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s 
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el
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ng
 

an
d

 
le

ak
ag

e 
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e 
o

b
se

rv
ed

 
w

h
en

 
th

e 
te

m
p

er
at

u
re

 
of

 
th

e 
ce

lls
 

is
 

lo
w

er
ed

 
be

lo
w

 
th

e 
tr

an
si

ti
o
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