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Trainees
At Berkeley )
9/88-6/89 Hilconida Calumpong, while UCB Ph D. student and SUML, Assistant Director

10/89-10/90 Fraulein Cabanag, Instructor, Silliman University, Chemistry Dept.
10/90-3/91 Mirasol Magbanua, Instructor, Silliman University, Biology Dept.

4/91-8/91 Erwinia Solis-Duran, Lecturer, Silliman University, Biology Dept.
& Researcher, SUML

At SUML
Fraulein Cabanag, 11/90 to present
Mirasol Magbanua, 4/91 to present )
i r, Chemi Dept.)

ERUTRSUT: L1 i s Chemty Dept

Collaborative Visits
Hilconida Calumpong to Berkeley, November 1989 (1 month), June 1990 (1 month), June
1991 (1 week).
Valerie Vreeland to SUML and Cebu Seaweed Industries, April 1990 2 weeks) MCPI,
shemberg & FMC visited, both offices and processing factory tours, 3 seminars given and
seaweed and carragrenan samples collected, accompanied by Jessica Onate, SUML
researcher.
Valerie Vreeland to SUML, 3 Cebu industries and 3 farms (2 weeks, 4 seminars given),
January 1991. Accompanied by Fraulein Cabanag to Cebu industries, FMC intertidal farm
at Tindog Beach, Northern Cebu, and Danajon Reef farms of Shemberg and
MCPL Live plants collected and returned for culture to SUML, and carrageenan samples
of characterized gel proper-ties collected.
chkAsk,FMCMandaueG&y,CebubﬂJMLfaseaweedmimmnaﬂtauqmFebmmy
v, . __ : .. LT
Valerie Vreeland 2 weeks Tn January 1992. Cebu City RR-US Second Inter-
national Phycological Symposium (1 paper presented) and 1 week workshop
given to ten Philippine scientists at the RP-US Phycological Workshdp at
the Si11iman University Marine Laboratory.
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TERMINAL REPORT: CARRAGEENAN PROJECT - PHILIPPINE COMPONENT

DR. HILCONIDA P. CALUHPM

PHILIPPINE COLLABORATOR
SILLIMAN UNIVERSITY MARINE LABORATORY
DUMAGUETE CITY 6200 PHILIPPINES

TRAINING

SUBMITTED BY

The following worked at the University of California with
Dr. Valerie Vreeland on various aspects of method development in
carrageenan research:

Sept 1988-May 1989: Hilconide P. Calumpong, botanist:
electrophoresis, tissue culture,
titration studies

Oct 1989-0ct 1990: Fraulein Cabanag, chemist: electro-
phoresis; isolation of standards

Oct 1990-Mar 1991: Mirasol Magbanua, microbiologist:
carrageenase enzymes; electrophoresis

Apr 1991-Aug 1991: Erwinia Duran, marine biologist: tissue
printing and immunolabelling;
electrophoresis

All of the above-mentioned personnel returned to the
Silliman University Marine Laboratory to work on Philippine
samples of carrageenan-producing algae from farms and industries.
Paulina Suarez, another chemist from Silliman University trained
on electrophoresis at the SU Marine Lab. Results of such work
were presented during the 2nd RP-USA Phycology Symposium/Workshop
held at Cebu City and Dumaguete City on Jan 6-18, 1992.

EQUIPHMENT ACQUISITION AND LABORATORY SET-UP

Electrophoresis equipment and chemicals, including a water
distiller and deionizer were purchased from the United States and
sent to SUML. An electrophoresis laboratory was set-up. SUML
provided laboratory space with air-con unit, refrigerator,
shelves and lighting fixtures. Other equipment essential to the
project, (e.g., mettler balance, microscopes) were provided by
SUML.
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Final Report - Fraulein Cabanag

:. Carbohydrate Transfer to Nylon Trans(+) Membrane
A. Capiilary Transfer

zlaecirophorsse carbohydrate sampiss in 23% polyacryiamids
g=1 tvo separate the different fragments. rlace <the eie ropnoe-
resed ge¢i on 3 sheets of 3 mm paper prewetted witn buffer anc

surround with parafilm to ensure that ithe transier bqucr goes

though the gei and not around 1it. Carefully place a piece c¢i
Nylcn trans(+imembrane on top o©0f the gel making sure trat tne
surfacs is completely coversd. Roll = clean pipette over hns
membrane wTo remove air opubblse. Flace 10 sheets 0L Ary 5O mm
paper. roil a pipette over ithe sheels., COVeEr Witn 2 glasg piais
and & i kg wezight., &llow th: trznsfer 1o procesd Ior 2 hours

8. Vacuum Transfer
Ass=mble ths vacuunm transfer apprarstus ensuring that ths
rubber mat is cut such that the gel overlaps the window by about

Smm. Placs zn appropriste membrane size undsr the rubber mai :=¢
that it is exactly pos*tloncd witnin thes window oI ihs mazt.
Transier the gel accurately on the mambrans and aveid irapping
z2iy oDubbless between the g1 andé memorans. Turlr on 1hs nhouss
vacuur purp 2t full position to immobilize ths ae¢l and carerully
place apout 5-10 mi of bulifer on tor or th: zZei. Muke sure that
the top ¢i the gel 15 always wet with burfer. Lliow the trans-

fer te proceed for £ hours.

. Graphite Plate EKlectrotransfer
Wet graphite plates with ddé water and wipe ofif excess pziors
wetting with the transfer buffer. On the anodes graphite., piace

the following in the proper order: iU sneets oI & mm papsy prs-
wetted with transfer buffer. one sne=t i nvion Transt+! Dpen-
brane, thz g=l, 3 sheets of 3 mm sheets prewettesd with tutifer,
and then the caihode graphite. Mais surs tnat ne air oubii ars

Trappec veiwsen the gei and the membrans
procsed For twoe nours at 0.4 mA pexr om— gl

Z. Staining of Transfer HBembranes . )

incupate the mewprne in 1X Tween ZU sciuticon for one minutes
and immediately stain with 0.1% Fluka Alcian Biue for 5 minutes.
Wasn several times with water until tne Dbackground becomes
1ight. This method of staining is pos3itie for at least 4
suifate groups on the carbohydrate I'¥ 4 <for kappra ana perhaps
DF £ for 4ictay as evidenced by neocarranexaosetetrasulfaie
stairing and not neocarrabiose-4-sulfatec. neocarratetrsose-4-
sulfate ard neocarratetracsedisulfate. The sensitivity of stain-
ing i= zbtout 50 ng.

"3. Fractionation of Kappa and Iota Carrageenan Using QAE Sephadex
at 70 and 90°C with 2.25 and 3.5 M Imidazole (pH=7.0)

W=igh 1 mg each of SK and SI. dissclive in 500 ul of water and
add to 450 ul of pre-scaked QAE Sepnadex beads and let stand
overnight. Wash the incubated beads with water several times to

BEST AVAILABLE COPY
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oezas acd LU e

DIlokE nezter over-

three times with

the supsrnatant.

beads. add :.0 m:

T = 21 9i"< tparats ing supsr-
natznt anda vinse the beacds threz timzs with 3GYC water anda
combine wasnings with the supernztant. Trezt the supernatant in
the same manne» as above. Note: Kappa fragmenis are completely
elutzd from the beads at about 2.25M imidazcls and iota at 3.5 M
baszé¢ on the liguid chrematograpnic separation of kappa and iotx

fragments using imidazole as the <luant.

4. HCL Hydrolysis and Fractionation of Long Kappa/Iota Fragments
Using 2.5 M KCl and EtOH
Weigh 0.500 gms of Long Kappa/lota. dissolve in water 10 &

total volume of 75 ml. heat the solution at &0°C with stirring
until ali particles are dissolved. Adjust the pH to 2 using 0.5 M
HCl and heat at 80°C in a water bath for 30 minutes . cooi &nd
neutralize with 0.5 M KOH. Adjust the volume to 100 ml. add 450
ml of 2.5 M KC1 and let flocculate for 30 minutes and centrifuge.
The precipitate contains the longest fragments. To the supernz-
tant add 100% EtOH to make a total concentration of 30% zand let
fiocculate for a&another 30 minutes. The precipitate contains
postiy 1ong fragments and intermedisne ones. Te the superna-
tant add 100% EtOH to make & 40% z2lconol solution . Let fioccu-
iate for 30 minutes. The preciritate contail

ins more of the in-
termedizts fragments znd & iittie oI the Tragmnents. To

m

the supsrnatant add EtOH (o make the cencentration of aicohol 50%
and let flocculate overnight at room Tepperature 1o prevent KCI
crystzllization. Centrifuges =&t 25% . The precipitate contains
the shortest fragments. The shortest Irazgmente are treated with
0.5 HC1 in 1ce bath to prevent degrzdation and exchange &% ions
bound to ithe carragsenan witn B ions Irom the zcid for ome hnour.
Hydrogsn icne have greater affiinity Tnar potzssicm lone Thus

solid ion exchange takes place.

5. Ion Fractionation of Kappa/lota Fragments UOsing 2.5M
ECl1,¥g(NO3),, CaCl, and NaCl

Five hundred microliters oi 11U mg/ml short kappa/iota is
added %to 13x100 <test tubes each contzining 4.5 ml of
RC1.Mg(NO»)~. CaCl. and NaCll. Lzt stand for 30 minutes and cen-
trifuge. Add 100% EtOH to make 30% solution =2nd let flocculate.
Separate the precipitate and add 100X alcchol to the supernantant
to make 40% and flocculate. Separate the precipitate and add
again alcohol to make a total concemtration of 50% alcohol and
flocculate. Note: Results showed that for KCi fractionation. both
kappa and iota short fragments are precipitated at 50X EtOH. Only
the longest fragments of iota are precipitated with NaCl only or
NaCl-EtOH while shorter kappa fragments are precipitated better
at lower concentration of alcohol ( about 30%). Long and short
kappa fragments are precipitated with only Mg and Mg-EtOH. For
iota. oniy the longest fragments are precipitated with any con-
centraction of alcohol and a trace of the cshorter fragments with
only Mg. Mostly long fragments of iota are precipitated with Ca

BEST AVAILABLE COPY



Zt0H and long fragments and & tracs ¢
¥Most of the long and short fragrents of kKappa are precipitated
with only Ca and as the concentration of EtOH is increased, the
ionger gragments disappear and conly shorter ones are precipitat-

ed.

shortey ¢cnee for va vna,.
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6. Neocarrahexaosetetrasulfate as marker for Carrageenans
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Final Report - Mirasol Magbanua, March 1991

Recovery of carrageenases from cultures of Pseudomonas carrageenovora (x-ase)

and Bacteria 1 (I-ase):

1. Media preparation:
weigh 37.4 grams of Bacto marine Brotk 2216 (from Difco laboratories), and
suspend in 1,000 ml of distilled water. Heat to boiling for 1 to 2 minutes
until dissolved. _
a. Pour about 30 ml of medium into a separate flask., then divide the remaining
medium (about 970m1) into 2 portions. Label 1 as K-ase and the other as I-ase.

b. To the K-ase flask, add .25% kappa carrageenan; to the I-ase flask, add .25%
fota carrageenan. ,

c. To the 30 ml of medium, take 10 ml and add 1% agarose, The remaining 20 ml
is divided into equally into 2 small flask.

d. Cover all flask with cotton plugs and autoclave at 15 pounds of pressure,
115 degrees centigrade, for 15 minutes.

:e. After autod&ﬂving, immediately pour medium with agarose into :) sterile plates.
Label 1 plate P.carrageenovora and the other plate Bacteria 1.

2. Batch culture preparation:

a. Using the Marine agar plates prepared (1d), and frozen bacterial cultures,
inoculate each plate with the respective bacteria using the streak plate
method and.ipcybate for 24 hours. :

b. Pick out aycolony from the 24 hour plate culture and transfer to the flask with
15 ml of Bacto marine broth without carrageenan (lc). Be sure to label flask
with the correct bacterial name. Incubate 24 hours at 23 degrees centigrade.

Cc. Transfer the 24 hour culture of P.carrageenovora into the flask labelled
K-ase with kappa carrageenan, and the culture of Bacteria 1 into the flask
labelled I-ase contanining iota carrageenan.Incubate 24 hours.

note; all incubatfons are at 23 degrees centfigrade with continous shaking.

d. Take 1ml from the 24 hour culture with carrageenan and freeze in éryotubéé
at -80 degrees centigrade.
e. Enzymes are harvested from the remainder of the cultures with carrageenan.

3. Harvesting of enzymes:

a. Harvest all at 4 degrees centigrade.

b. Spin bacterial ce'ls out at 10,000 rpm for .40 minutes.

d. To the supernatant, add ammonium sulfate up to 70% saturation to precipitate
the enzymes. Allow to shake in the cold room overnight.

e. Centrifuge at 15,000 rpm for 40 minutes. Collect the precipitate.

f. Dialyze with buffer (25 ®M sodium phosphate ph 6.5 for k-ase, and 25 mM sodium
phosphate in 2 m NaCl for I-ase, since I-ase is relatively unstable and needs
to be stabilized with NaCl. :



CARRAGEENASE GEL:

Gel preparation:
Melt 1% agarose in 50 mM Tris ph 7.5 and imM EDTA. Add .1% carrageenan. Heat to boiling
to dissolve the agarose. Pour into the mold at approximately 55 degrees centigrade.

ENZYME ACTIVITY TEST:

1. Prepare the gel mold. Clean glass plateg.§ spacer. The gel bond should adhere
closely to the plate (avoid bubbles).
2. Pour the gel and allow to solidify for about 30 minutes.
3. Remove the glass plates, gel should be adherent to gelbond.
4. A 1 microliter sample is loaded onto the gel surface,
5. Incubate gel for lhour .
6. Wash gel for 30 minute with 200 mM4 NaCl and 10 mM EDTA.
7. Stain with 1% Fluka Alcian blue for 20 minutes(gel should be covered when in alcian blue)
8. Wash the gel with water and blot dry with filter paper and paper towels.

PROTEASE GEL:

Gel preparation:
Melt 1% agarose in 50 mM Tris ph 7.5 and 1 mM EDTA. Add .1% Casein (Casein is
dissolved in KOH to ph 11 - 12, then adjusted with 6M HCL to ph 8-9, final ph

is 8.5)

PROTEASE ACTIVITY TEST:
Procedure is the same as the enzyme activity test, except for the staining procedure.

1. Prepare gel mold. Clean glass plates and spacer. The gel bond should adhere
closely to the plate (avoid bubbles).

2.Pour the gel and allow to solidify for about 30 minutes.

3. Remove the glass plates, gel should be adherent to gelbond.

4. A 1 microliter sample 1s loaded on to the gel surface and incubated for lhour.

5. 6el is washed with 1% acetic acid for 30 minutes.

6. Stain gel with Coomassie brilliant blve stain (lmg/ml, dissolved in Meoh, HoAC
and H20, 5:1:4). for about 5 minutes. ’

7. Destain with MeOH,HoAC, and H20, 5:1:4.

8. Mash with water and then blot dry with filter paper aﬁd paper towels.

note; incubation for both carrageenase and protease gels were done at 35 to 40
degrees centigrade.

et Tt ‘
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ALKALI HOD{FICATION OF EUCHEUMA sp.

Sort and clean algae (separate haploid and diploid plants where possible).

Chop samples into small pieces then wash with 95% ethyl alcohol until clear (about

30 minutes).

. Wash with acetone once, then dry a few minutes.

Add 500mM KC1 and 50 mM CaCl12 (enough to cover samples) and sodium borohydride

(NaBH4, about 1 mg/ml). Mix and allow to stand overnight.

5. The next day, add more NaBH4 and 3M KOH (approximately equal volume), then heat at 80
degrees centigrade for 7 to 8 hours.

6. Wash out alkali with water briefly.

PN N =
. . e

EXTRACTION OF CARRAGEENAN FROM ALKALI MODIFIED EUCHEUMA SP.
( Based on the Handbook of Phycollogical methods,by Johan A. Hellebust and J.S.Craigie,
modified by Vreeland)

1. Chop samples as fine as possible, wash with acetone and allow to settle. Remove
supernatant, then repeat the process.

. Add 0.5 M NaHCo3, stir at 90 degrees centigrade for 2 hours to extract carrageenan.

Precipitate carrageenanby slow addition with stirring of Hyamine 1% in alcohol and

water. (2% aqueous Cetylmethylammonium bromide - Cetavlon).

. Wash precipitate with distilled water twice.

Wash repeatedly on the centrifuge (up to 7 times) with near saturated solution of

sodium acetate in 95 % ethanol (200 mM scdium acetate in 95% ethano}ﬁn water, 4:1)

Stir to break up clumps.

6. At 3 final washings with warm 95% ethanol are required to remove the sodium acetate.

7. Wash with acetone and dry overnight. '

[, 0F - w N
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AMMEDIOL _ TRICINE _ POLYACRYLAMIDE GEL ELECTROPHORESIS

CLUB SANDWICH GEL:

Weigh 11.5 grams of acrylamide and 0.25 grams of piperazine diacrylamide (PDA), dissolved
in 25 ®1 of 200mM ammediol-HCL buffer (ph 8.79) and dilute to 50Jwith water (this is
aqual to 23% acrylamide and 0.5% PDA). Filter on a vacuum flask and degas for 15 minutes.
Rdd 115 ul of 10X ammonium persulfate (APS) and 60 ul of TEMED, swirl 6-8 times.
Withdraw the soluticn using a syringe and pour the 1iquid as-quickly as possible

without forming bubbles until the solution is level with the top of the glass plates.

TOP BUFFER:
Wetgh 6.272 grams of tricine and 3.679 grams of ammediol and dissolve in water and
dilute to 350 m1 (equivalent to 100mM ammediol and 100mM tricine).

BOTTOM BUFFER:
Weigh 4.208 grams of ammediol and dissolve in about 100ml of water. Adjust the ph to 8.79

with 6M HCL and dilute to 200 ml (equivalent to 200mM ammediol-HCL). 25 ml of this
buffer is used to prepare the gel. The remaining buffer is diluted to 350 to make
100aM buffer.

<



SAMPLE PREPARATION:

A stock solution (10mg/ml is prepared by weighing 10 mgs of carrageenan and dissolved
in 1 ml of water. 2 microliters of the stock solution is diluted to 20 microliter with
0.25 M sucrose solution with sodium azide, to make a 1 mg/ml solution. Solutions are
stored in the freezer.

STAINING OF THE GEL:
Gel is stained with 0.1% alcian blue (weigh 0.2grams of alcian blue and dissolve ip

200 ml of water, this solution is-good for 1 gel). Immerse the gel in alcian blue
solution and cover the basin with aluminum foil to protect from 1ight. Mix on the
rotating shaker “or 30 minutes. Wash the gel several times with water and occasionally
rub surface of gel with wet kimwipe to remove precipitate until the background is
clear.

OXIDATION: .
Prepare a stock solution of the oxidizing agent by weighing 4.79 grams pf potassium
dichromate,dissolve in about 100ml of water. Add 1 ml of concentrated nitric acid
(specific gravity, 1.42) and dilute to 500ml. Store in the refrigerator. 20 ml of the
solution is diluted to 200ml, enough to oxidize 1 gel. The gel is incubated for 5 minutes
in the solution, then washed several times with water for 30 minutes until gel is

completely clear.

SILVER STAINING OF GEL:

A stock solution is prepared by weighing 10.2 grams of silver nitrate, dissolve in
100m1 of water and diluted to 500ml. This is stored in the refrigerator. .20 ml of
the solution is diluted to 200 ml1 for staining 1 gel. The gel is incubated for 20
minutes in this solution. After incubation, the gel is immersed briefly in water
without agitation. Prolonged washing will remove the silver reagent and result to

weak staining.

STAIN DEVELOPMENT:

Prepare the developer stock solution by weighing 27.7 grams of sodium carbonate
decahydrate, dissolve in about 100ml of water, add 0.5 ml of 37% formaldehyde

solution or paraformaldehyde and dilute to 1 liter. Put the gel under a white
background, then add about 50 ml of the developer. Shake during development and
replace with fresh developer when brown precipitate appears. When the background
starts to darken, stop development by immersing the gel in5% acetic acid for 5 minutes.
Hash gel with water several times and store in ziploc bags. : R
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ANTIBODY LABELLING OF CARRAGEENAN TISSUE BLOTS AND DOT BLOTS.

SOLUTIONS:

1.

Ovalbumin (1%) is dissolved with stirring in 50mM Tris, ph 7.5 with 0.12% sodium
azide. The solution remains cloudy. Centrifuge to clarify at 12,000+G. Aliquot

and freeze.

Second antibody: Alkaline phosphatase conjugate of anti-mouse kappa 1ight chains
(Southern Biotechnology, purchased through Fisher). Dilute 1:1000 in hybridoma

medium containing 20% serum.

Enzyme substrate: Add 0.75.BCIP stock 4mg/ml (60 mg BCIP + 10ml MEOH + 5:ml acetone
store at ~20 degrees centigrade) and 5 mg of NBT(nitro blue tetrazolium,stored dry
in the refrigerator) to 50 ml of Tris 0.2M + 4mM MgC12, ph 9.5 (Tris stock: 24.2g
Tris + 810mg MgC12.H20 dilute to 1 liter with H20).

ANTIBODY LABELLING PROTOCOL:

1
2.
3

. 4.

5.
6.

7.

8.

. Incubate blots in 1% centrifuged ovalbumin for 15 minutes.

Wash with salt solutions (200mM NaCl + 10mM CaC12) for about 1 minute.

. Incubate 100 ul per cm2 of antibody solution to the membrane for 15 minutes.

10A5 (5/3/90 #12) precursor
361 (3/10/88 #8) Lambda
4012 (7/28/87) lota

6A11 (9/14/88) kappa

7C2 (9/22/88 #13) gelling
7E4 (9/14/88 #24) gelling
7H6 (5/3/90 #30) gelling

Wash each one separately with “he salt solution twice (about 2 minutes each, use the
shaker to remove all traces of unbound antibody).
Incubate in second antibody for 15 minutes.

Wash with salt solution twice 1-5 minutes. . )
Incubate in enzyme substrate for 5 to 15 minutes until background starts to fhcrease

Stop substrate development by washing in a large volume of water.
Allow enough time to dry. (Result is better when membrane has dried).

//



FINAL REPORT
of Erwinia Solis-Duran

SUMMARY OF METHODOLOGIES DEVELOPED FOR CARRAGEENAN ANALYSIS

A. Enzyme Hydrolysis of Carrageenan:

Take 20 ul of enzyme (k-ase and i-ase) and put in 2-ml tube.
Spin for 5 minutes then decant 1liquid. Add 1 mg/ml of
carrageenan, shake to mix then incubate at 37 C overnight.

Take 30 ul of sample from the stock and return for another
overnight incubation. Add sucrose to sample and run an
electrophoresis.

B. Acid Hydrolysis of Carrageenan

Weigh sample and dissolve in water to make 0.67%. Heat to
complete dissolution. Cool then adjust pH to 2 with 0.1M HCI.
Heat for 3 minutes at 80 C and immediately cool in ice bath.
xxNeutralize with 0.1M NaOH. Add 3 volumes of isopropanol, shake to
mix, let stand overnight. Centrifuge for 5 min. then decant
isopropanol. Heat for 15 min. to dry precipitate completely.
Sample may be stored in dry form in the freezer or with 0.25 M
sucrose equivalent to 1 mg/ml and this would be ready for
electrophoresis.

C. Tissue Blot and Immunolabelling of Diploid Chondrus

a. Tissue blct
1. Soak plants in 200 mM NaCl for 30 min.
2. Roll plant crosswise then make thin sections using a
clean, sharp blade.
3. Blot thin sections on a nylon membrane for 30 sec. to 1
min. on the slide warmer heated to 70 C.
4. Remove the sections from the membrane then allow to

dry.
b. Immunolabelling with 3Gl (a lambda antibody)

1. Incubate membrane in 1% ovalbumin for 15 min.

2. Wash in 200mM NaCl + 10 mM CaCl salt solution

3. Incubate in 3G1 antibody for 15 min.

4. Wash in salt solution

5. Incubate in second antibody diluted in hybridoma medium
(1: 1,000) for 15 min. .

6. Wash in salt solution )

7. Incubate in enzyme substrate until background starts to
increase.

8. Wash in water for 2 min.

D. Elution of Kappa Bands from a Preparative Gel:
1. Prepare .1% TBO and 250mM Tetramethylammonium (TMA)

chloride .
2. Run a preparative gel (23% ammediol-tricine -

acrylamide) with acid hydrolyzed pure kappa as.sa-piq

1 AR
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E.

G.

7.
8.
9.
10.

11.
12.

13.
14.

Incubate electrophoresed gel in .1% TBO for § min. on
shaker. Wash in water until bands are seen.

Lay the electrophoresed gel on a glass or clear plastic
pPlate placed on top of a light box. Note the arrangement
of bands in proximity to the color markers.

- Number each visible band with the bottom most band as 1.
Usually there are 11 bands that are visible and can be

separated from other bands.

Cut each band with a scalpel and remove unwanted gel or
space in between bands. Macerate gel with band “or cut
into small pieces to reduce surface area.

Put the macerated band in a small glass container with
cover containing 4 mls of TMA chloride.

Add blue rayon and another 4 mls to each container then
leave overnight on the shaker. Blue rayon absorbs the TBO.
Once the liquid and gel have become clear, remove the

Let stand in cold room for 1 hr.

Transfer into 2ml tubes then spin to precipitate the
carbohydrate. Decant until precipitate is completely dry.
Add little amount of distilled water ( 0.5ml) and blue

Take out the blue cotton and add 3 volume of isopropanol.
Spin to precipitate carbohydrate. Decant alcohol then add
a tiny amount of water to the precipitate and sucrose.
This will be ready for 2lectrophoresis.

Reducing end assay for enzyme hydrolyzed carrageenan samples

1.

Fast
1'
3.

4.

Preparation of working reagents, stock solutions A & B
Stock solution A: 97.1 mg of disodium 2,2'-bicinchoninate
(Sigma cChemical) dissolve in 45 ml of water containing
3.2 g of sodium carbonate monohydrate and 1.2 g sodium
bicarbonate. Adjust volume to 50ml.

Stock solution B: 62 mg of copper sulfate pentahydrate
and 63 mg of L-serine dissollved in 45 ml of water.
Adjust final volume to 50 ml. ’ :
Mix equal volumes of solutions A and B.

Add 100 ul of enzyme-hydrolyzed (i.e. 24-hr incubated,

at 80 C for 35 min. Cool for 15 min then measure the
absorbance at 560 nm. Do triplicate analyses for each

sample.
and sensitive silver staining of polyacrylamide gels:

Fix electrophorese gel in 0.1% Fluka Alcian Blue for 30
min., on a shaker, covered with aluninum wrap.

Wash gel with water while shaking. Wipe gel with kinwipe
from time to time unti} gel becomes clear.

Imregnate gel with AgNO3 (1g/11), 1.5 m1 37%

- 2



HCOH/liter for 30 min.afterwhich rinse in water
without shaking for not more than 1 min.

5. Develop geel in Na2CO3 (30g/1i), 1.5 ml of 37%
HCOH/1i, Na2S203.5H20 (2mg/1i) for 2-5 min.

6. Stop gel development in 10 & acetic acid for S min.

H. Alkali modification of live Gymnogongrus furcellatus, a kappa
and iota producer

For cottonii (kappa):

1. Wash samples briefly in 95% ethyl alcohol to wash off
epiphytes, about 2 dips. :

2. Add 0.5N KOH + 1.SM KcCl

3. Heat for 3 hours at 85 cC.

4. Soak in 2 M NaCl to wash off alkali for 4 times at, 15-30
min. each. o )

5. Do tissue blots then ~ntibody labelling.

For spinosum (iota): .

1. .Wash samples briefly in 95% ethyl alcohol to wash off
epiphytes, about 2 dips. '

2. Add 250 mM CaCl2 + SO0 mM KOH + 1.5 M KC1

3. Heat for 15 min at 85 C. - '

4. Soak in 2M NaCl to wash off alkali 4 times at 15-30 min
each wash.

5. Do tissue blots then antibody labelling.
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TISSUE PRINTS IN RAPID SCREENING OF CARRAGEENAN COMPOSITION.

>Se E) X -
Valerie Vreela dl, Mirasol Magbanuaz,2 Erwinia Duranz,*—PN.) ”:r"g .’ "”'\ ,
Fraulein Cabanag” and Hilconida Calumpong™. (eh? Symy”>eeii

f

1Deparcmenc of Plant Biology, University of California,
gerkeley. CA 94720, USA; Departments of “Biology and
Chemistry, Silliman University, Dumaguete, the Philippines.

A rapid and sensitive assay was develop:d for
determining the carrageenan composition of individual
plants. A thin section of a branch from each plant was cut
and ‘briefly ‘pressed onto a mepbrane. -After-the algd section-
was discarded, membrane-bound carrageenan in tissue
fmpressions was labeled by panel of eight monoclonal
antibodies. Multiple samples were labeled in a in one-hour
assay. The assay is modified for Extracted carrageenan
samples were labeled in dot blots. Dot blots can be
quantitated by scanning densitometry. Each antibody is
specific for a different epitope or short sequence of sugar
units found in carrageenans. One epitope is closely related
to kappa carrageenan, another to lambda carrageenan, another
to iota carrageenan, and another to precurser of kappa or
fota. The remaining four epitopes were present in kappa and
fota carrageenans to varying degrees.

Each antibody labeled a series of carrageenophytes
from Danajon Reef in a different pattern. The kappa-related
antibody labeled all Kappaphycus alvarezii = Eucheuma
cottonii, which are harvested for kappa carrageenan, but not
Eucheuma denticulatum = E, spinosum, which are harvested for
iota carrageenan. The lambda-related antibody labeled only
iota-producers. The precursor antibody labeled the iota-
producing plants strongly and some kappa-producers more
weakly. Tissue prints of Chondrus crispus sporophytes were
labeled primarily by the lambda-related antibody, as
expected.

Tissue printing with the anti-carrageenan monolconal
antibodies easily differentiated kappa- and iota-producing
plants. The results show mixed ~arrageenan composition in
some plants. Tissue printing can be used to select
individual plants with relatively pure kappa or iota content
for seedling material or for certain applications. Tissue
printing was also used to detect carrageenan presence and
composition in food products.

/-



ELECTROPHORETIC ANALYSIS OF CARRAGEENAN SUBSTRUCTURE.
Valerie Vreelandl, Earl Zablac isz, Hilconida Calumgong:‘,
Fraulein Cabanag”, Erwinia Duran” and Mirasol Magbanua”.

'lDepartment of Plant Biolggy, University of California,
Berkeley, CA 94720, USA; “Complex Carbohydrate Research
Center, University of Georgia, 220 Riverbend R%ad, Athens,
GA 30602 USA; Departments of “Biology and “Chemistry,
Silliman University, Dumaguete, the Philippines.

Carrageenan structure is complex and related to its
useful properties. Rapid comparison of carrageenan
substructure in multiple samples was accomplished using
polyacrylamide electrophoresis. Minimum carrageenan
quantity needed for electrophoresis is 2-5 micrograms, and
the minumum size of fragments fixed and detccted have 3-4
sulfate groups. Kappa, iota and lambda carrageenan samples
vere fragmented by acid hydrolysis and resolved by
electrophoresis. Ladders consisting of discrete bands were
produced by kappa and iota fragments. Each band corresponds
to fragments of a unique size, differing in length by one
disaccharide repeat. Iota produces both a wider band spacing
and faster migration compared to kappa at the same chain
length, due to the higher sulfate content of fota. Kappa
and iota preparations each have one major band and one or
more minor bands in the repeat pattern. Lambda carrageenan
from nonreproductive diploid Chondrus crispus sporophytes
did not produce a band pattern. Instead, a smear was
stained in the short-fragment region of the gels. This
provides evidence for a lack of regular repeating structure
in lambda carrageenan.

Kappa and fota carrageenan samples were fragmented by
specific enzymatic hydrolysis for analysis of composition
and native subunit size. FKappa and iota samples were
hydrolyzed with both kappa carrageenase (Pseudomonas
carrageenovora) and icta carrageenase (Bacterium 1). Kappa
segments were typicaly in a relatively short size range in
kappa carrageenan, but ifota segments were considerably
longer in lota carrageenan. This difference is expected to
be related to gelation mechanism and gel properties. A
small amount of short fota fragments was detected in kappa
carrageenan. This finding supports the occurrence of hybrid
kappa-iota molecules. Rlectrophoretic analysis can be used
to compare small samples from many individual plants.



Report in a Philippine newspaper in January 1992 during the
Second Repubtic of the Philippines-United States Phycology Workshop
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Second International RP-US Phycology Symposium in Ceby City, 1/92

Benson Dakay, President of Shemberg Marketing (the largest Philippine Seaweed
processing and farming company); Dr. Hilconida Calumpong, Director of the Silliman
University Marine Laboratory (and co-investigator of the AID project); Dr. Ernani
Menez, Smithosinan Institution, Washington, D.C. (organizer of the symposium and
workshop, as well as mentor to the AID project).

Dr. Valerie Vreeland, Berkeley co-investigator; Vicente Alvarez, FMC Marine
Colloids, founder of the Philippine seaweed farming industry; Erwinia Duran,
Silliman Marine Laboratory instructor and lecturer, Philippine trainee for AlD.




Second Philippine-US Phycoiogy Symposium. January 1992
arrageenan Biotechnology Workshop at Dumaguete

Yalerie Vreeland. University of California. Berkeley. and Hilco-
nida Calumpong. Fraulein Cabanag. Mirasol Magbanua. Erwinia Duran
and Paulinz Saurez. Silliman University. Dumaguete.

This workshop provided a demonstration of carrageenan ana-
lytical methods recently developed during the A.I.D. project. It
consisted of five full days in the Silliman Univerisity Marine
Laboratory. The number of participants was ten, coming from the
Philippine seaweed industry, goverment agencies and college and
university teachers. Tissue printing. carrageenan electrophore-
sis and carrageenase bacterial culture and activity detection
were demonstrated by Fraulein Cabanag and Dr. Vreeland., Dr.
Vreeland lectured for 4-5 hours on these subjects. For three
days. the participants carried out tissue printing and electro-
phoresis, working in two groups of five each.

Tissue printing for rapid evaluation of carrageenan quality in
farmed plants with monoclonal antibodies. This includes selec-
tion of plant material, tissue printing, antibody incubations.
image development. and interpretation of results. In addition.
dot blots for gualitative analysis of dissolved carrageenans were
demonstrated.

The participants were each given aliquots of all eight anti-
carrageenan monoclonal antibodies on ice for use in their own
laboratories.

Carrageenase fragmentation by enzymatic and acidic hydrolysis was
discussed. including microscale carrageenan extraction and recov-
ery. as well as acidic and enzymatic hydrolysis of carrageenan.

Kappa- and lota-carrageenase preparation. Inoculation of medium
from frozen bacteria, culture of carrageenase-producing bacteria.
removal of bacterial cells was demonstrated. Carrageenase activ-
ity on substrate gels was demonstrated, and all participants were
given the two bacterial strains which produce kappa -and iota
carrageenases.

Polyacrylamide electrophoresis of carrageenan fragment types.
Sample preparation, polyacrylamide gel preparation, sample load-
ing, electrophoresis, gel staining and interpretation of results.



IARFAGEENAN TICSSUE FRINMT aMD ELECTROFHQORESIS WORKSHOF
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Rapporteur:
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The Philippines

Participants:
Government
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Industrial Technology Development Institute

General Santos Avenue, Eicutan. Taquig. Metro Manila
The Philippines

2. Editha E. Gamboa
Bureau of Fisheries and Aquatic Resources
860 Arcadia Building, Quezon Avenue
Quezon City
The Philippines

Academic

3. Purita L. Ralean
College of Fisheries
Bicol University
Tabaco, Albay 4511
The Philippines

4, Dr. Marcos Nemesio E. Montafo
Marine Science Institute
University of the Philippines
Diliman, GQuezon City 1101
The Philippines

S. Grace 1. Prade
Mindanao State University at Naawan
Naawan, Misamis Oriental 9023
The Philippines



10.

tenlamin 7. Que
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Xavier Science Foundation. Inc.

Zavier lUniversity
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Cayvagan de 0Oro City 9000

The Fhilippines

Elnor Roa
Mindanao State University at Naawan
Naawan. Misamis Oriental 9023

Seaweed Industry

Farley L. Baricuatro

FMC - Marine Colloids Philippines, Inc.
Quano Compound, Looc, Mandaue City

The Philippines

Margarita Legaste

New Manila Trading Company
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The Philippines

Reyh Paspie

Shemberg Marketing Company
Pakna—an, Mandaue City
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Five day workshop on Carrageenan analysis at the Silliman University Marine
Laboratory during the Second RP-US Phycological Workshop

The ten Philippine participants with Dr. Vreeland (blue skirt) and Fraulein
Cabanag (purple shirt), the Aid trainee who carried out the laboratory

demonstrations.
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Fraulein Cabanag, AID trainee and lecturer in the Chemistry Department at
Silliman University, conducting an electrophoresis demonstration for a group of

participants.



‘Workshop participants Purita Balean (college instr.ctor), Annabelle Briones
(government scientist) and Dr. Marcos Montano (university professor) doing
tissue printing of carrageenan-producing plants.

R

Workshop participants Editha Gamboa (government scientist), Farley Baricuatro
(industrial scientist) and Grace Prado (university instructor) doing
electrophoresis of carrageenan fragments.
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Workshop participants Margie Legaste, (industry), Grace Prado (academic), Elnor
Roa (academic), Farley Baricuatro (industry), Reyh Paspie (industry), Purita
Balean (academic) and Annabelle Briones (government) examining seaweeds in a
culture tank at Silliman University Marine Laboratory, Dumaguete City.

"
-~ )

Carrageenan-producing plants used for tissue printing during the workshop. The
large-diameter plants are from a government-sponsored educational test farm at
San Jose, a few miles north of Dumaguete, and the smaller-diameter plants were
collected by Dr. Vreeland next to the Marine Colloids Philippines International
platform on Danajon Reef during a field trip earlier in the symposium.
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CARRAGEENAN TISSUE PRINTS

SOLUTIONS
1. Ovalbumin (1%) is dissolved with stirring in 50 mM Tris, pH
7.5 with 0.12% sodium azide. The solution remains cloudy and
some is not dissolved. Centrifuge to clarify at 12,000+G.

Aliquot and freeze.

2. Second antibody: alkaline phosphatase conjugate of anti-mouse
‘kappa light chains (Southern Biotechnology, purchased through
Fisher). Dilute 1:100 in hybridoma medium containing 20%
serum.

3. Enzyme substrate. Add 0.75 m] BCIP stock 4 mg/ml (60 mg BCIP
+ 10 ml MEOH + 5 ml acetone, store at -20°C) and 5 mg of NBT
(nitro blue tetrazolium, stored dry in the refrigerator) to 50
ml of Tris 0.2M + 4Mm MgCl,, ph 9.5. (Tris stock: 24.2g Tris +
810 mg MgCl,.H20 dilute to 1 liter with dH,0.

IN SITU ALKALI MODIFICATION

For cottonii (kappa):

1. Wash samples briefly in 952 ethyl alcohol to wash off
epiphytes, about 2 dips.

2. Add 0.5N KOH + 1.5M KCIl

3. Heat for 3 hours at 85 0C.

4

. Soak in 2 M NaCl to wash off alkali for 4 times at 15-30
min. each.

5. Do tissue blots then antibody labelling.

for spinosum (iota):

1. Wash samples briefly in 95% ethyl alcohol to wash off
epiphytes, about 2 dips.

2. Add 250 mM CaCl2 + 500 mM KOH + 1.5 M KCl

3. Heat for 15 min at 85 Oc.

4. Soak in 2M NaCl to wash off alkali 4 times at 15-30 min
each wash.

5. Do tissue blots then antibody labellirg.

ANTIBODY LABELING
A. Incubate in 1% centrifuged ovalbumin for 15 min.

B. Wash with 200 mM NaCl + 10 aM Caclz for 1 min. Remove excess
liquid.

C. Incubate membrane in 50 ul per cn? of one anti-carrageenan
antibody in hybridoma medium solution for 15 min.

D. Wash each membrane separately with 200aM NaCl + 10 =M CaCl,

j"



for 2 minutes twice.
E. Incubate second antibody for 15 minutes.

F. Wash with salt solution twice 1-5 min.

G. Incubate in substrate for 5-15 minutes until background starts
to increase. Stop substrate development by washing in a large
volume of water. Addition of 50X ethanol to the wash removes
substrate that can increase background during storage.

H. View print with a dissecting microscope or a magnifying lens.
If print is not completely dry, artifactual dark lines will be
seen in depressions caused by cell walls.

PHOTOGRAPHY OF STAINED PRINTS

Photograph prints enlarged by a dissecting microscope or use a

camera with close-up attachments. Different effects are
achieved with ring-lighting above and with low-angle side-
lighting.

Technical Pan Estar-based film (Kodak) provides high contrast
images. Bracket ASA 100-200 (ASA 125-160 is optimal).

Develop in HC-110 developer dilution B (473 ml concentrate dilut-
ed to 1.9 L for the stock solution, then diiute 1:7
stock:water). Alternatively, use 9.3 ml concentrate per 300
ml to develop one roll. :

Development time: 8.5 min at 22-23°C room temperature for high
contrast. .

Stop bath: 30 sec. in 1% glacial acetic acid, with agitation.

Fixer: 5 min in Kodak ektafix, diluted 75 ml/ 300 ml.

Wash: 1 min in running water.

Fixer removal: 30 sec in Hustler hypo clearing agent with
agitation, 9 m1/300 ml.

Wash: 5 min in running water.

Prevent water spots on negatives: 1-2 ml/300 ml photoflow in tank
water for 2-3 min.

Air-dry negatives.

As an alternative to photography, the prints can be enlarged

while copying for a permanent record.
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Recovery of Carrageenases fron Cultures of Pseudomonas
carrageenovora (K-ase) and Bacteria 1 (I-ase)

1. MEDIA PREPARATION

Weigh 37.4 grams of Bacto marine Broth 2216 (from Difeco

laboratories), and suspend in 1,000 ml of distilled water. Heat

to boiling for 1 to 2 minutes until dissolved.

a) Pour about 30 ml of medium into a separate flask, then
divide the remaining medium (about 970 ml) into 2

portions. Label 1 as K-ase and the other as I-ase.

b) To the K-ase flask, add 0.25X kappa carrageenan; to the
I-ase flask, add 0.25% iota carrageenan.

c) To the 30 ml of medium, take 10 m] and add 1% agarose.
The remaining 20 nl is divided equally into 2 small

flasks.

d) Cover all flasks with cotton Plugs and autoclave at 15
pounds of pressure, 115 degrees centigrade, for 15
minutes.

e) After autoclaving, immediately pour medium with agarose

into sterile plates. Label 1 plate PpP. carrageenovora and
the other plate Bacterija 1.

2. BATCH CULTURE PREPARATION

a) Using the Marine agar plates prepared (1d), and frozen
bacterial Cultures, KBInoculate each plate with the
appropriate frozen culture by streaking the Plate directly
from the surface of the frozen culture. Incubate for 24
hours.

b) Pick out an isolated colony from the 24 hour plate
culture and transfer to the flask with 15 gl of Bacto
marine broth without carrageenan (1c). Be sure to Jlabel
flask  with the correct bacterial name. Incubate = 24
hours at 23 degrees centigrade.

¢) Transfer the 24 hour culture of p. carrageenovora into
the flask labelled K-ase with kappa carrageenan, and the
culture of Bacteria 1 into th- flask labelled I-ase
containing iota carrageenan. Incubate 24 hours.

Note: All incubations are at 23 degrees centigrade with
' continuous shaking.

-d) Take 1 ml from the 24 hour culture with c&rrageenan and
freeze in cryotubes at -80 degrees centigrade.

e) Enzymes are harvested from the ?gnainder of the cultures
with carrageenan. L ,



3. Harvesting of Enzymes:

a)
b)

c)

d)

Gel

Maintain temperature at 4 © C with an ice bath.
Spin bacterial cells out of 10,000 rpm for 40 minutes.
To the supernatant, add ammonium sulfate up to 702

saturation to precipitate the enzymes. Allow to shake in
the cold room overnight.

Centrifuge at 15,000 rpm for 40 minutes. Collect the
precipitate.

Dialyze with buffer (25 mM sodium phosphate ph 6.5 for K-
ase, and 25 mM sodium phosphate in 2 m NaCl for I-ase,
since I-ase 1is relatively unstable and needs to be
stabilized with NacCl.

CARRAGEENASE ACTIVITY GEL

Preparation: Melt 1% agarose in 50 mM Tris Ph 7.5 and

1 mM EDTA. Add 0.1% carrageenan. Heat to boiling to dissolve
the agarose. Pour into the mold at approximately 55 degrees
centigrade.

Prepare the gel mold. Clean glass plates and spacer.
The gel bond should adhere closely to the plate (avoid
bubbles)

Pour the gel and allow to solidify for about 30 minutes.

Remove the glass plates, gel should be adherent to
gelbond.

A micrliter sample is loaded onto the gel surface.
Incubate gel for 1 hour.
Wash gel for 30 minutes with 200 mM NaCl and 10 aM EDTA

Stain with 12 fluka Alcian Blue for 20 wminutes (gel
should be covered when in alcian blue)

Wash the gel with water and blot dry with filter paper
and paper towels.

Rote: incubation for carrageenase gels vere done at 35 to 40
‘degrees centigrade. )



CARRAGEENAN HYDROLYSIS FOR ELECTROPHORESIS

A. ENZYMATIC HYDROLYSIS

Put 20 ul of ammonium sulfate-precipitated enzyme (k-ase or
i-ase) in a 2-ml tube. Centrifuge enzyme suspension for §
minutes at 13,000 g. Carefully remove liquid with a
pipettor tip and discard liquid.

Add 1 ml of 1 mg/ml of carrageenan in enzyme buffer (25 aM

asP0,, pH 6.5 for k-ase and the same buffer ith 100 aM
NaCl ?or i-ase. Shake to mix. Incubate at 37 C overnight.

Repeat the overnight incubation with 20 ul of fresh enzyme
precipitate.

Add 3 volumes of isopropanol, shake to mix, let stand
overnight. Centrifuge at 13,000 g for 5 min. then remove
isopropanol with a pipette tip. Heat at 50-70 °c for 15
min. to dry precipitate completely.

For electrophoresis of enzymatically hydrolyzed samples, add
0.25 vol of 1 M sucrose and use without removal of enzynme.

B. ACIDIC HYDROLYSIS (F CARRAGEENAN

Make a S mg/mL solution of carrageenan in water. Heat to
dissolve completely, and then cool. ,

Adjust pH to 2 with 0.1H HCl. Heat at 80 O for 30 minutes
and immediately cool in an ice bath. Neutralize to pH 7 with
0.1M NaOH.

Sample &wmay be stored in dry form at room temperature, or in
the freezer when dissolved.
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AMMEDIOL-TRICINE-POLYACRTYLAMIDE GEL SLECTROFRORESIS

Club Sandwich Gel

Weigh 11.5 grams of acrylamide and .25 grams oI piperazine
diacrylamide, dissolve in 25 mnl of 200mM  ammediol -KHC)
buffer(pH=8.79 and dilute to 50 ml with water {equivalent to 23%
acrylamide and 0.5% FDA). Filter on & vacuum flask and degas for
15 minutes. Add 115 ul of 10% ammonium persulfate anda60 ul of
TEMED. swirl 6-8 times. Withdraw the scelution using a syrings and
pour thne liquid as quickly ac possibis withnont Zforming bubblee
until the solution ig level with che TLTonIothe sluzs plates.

Top Buffer

Weigh 6.272 grams of tricine znd 3.879 grams of ammediol and
dissolve in water and dilute to 350 ml (equivgalent to 100mM
ammediol and 100mM tricine).

Bottom Buffer

Weigh 4.208 grams of ammediol and dissclve in about 100 mnl of
water. Adjust the pH to 8.79 with 6M HCl and dilute to 200 mnl
(equivalent to 200mM ammediol-HCl). Twenty five milliliters cof
this buffer is used to prepare the gel. The remaining buffer is
diluted to 356 ml to make 100 mM buffer.

Sample Preparation

A stock solution (10 mg/ml) is prepared by weighing 10 mgs of
dried pectate and dissolve in 1 ml of water and kept in the
freezer. Two microliters of the stock solution is diluted to 20
ul with 0.25 M sucrose soluticn (with sodium azide) to make
lmg/ml. This solution could bs used 8 times since the usuzi
amount oI sample used for pectates is only 3 ug.

Staining

Weigh 0.2 grams of Alciar Blue and dissoive in water and diluts
Lo 200 mi to make 0.1% solution. This soviution is good for c¢ne
g=i1 only. Immerse the gel in the solution and cover the basin
wWith aluminum foil to protect the stain from light and mix slouly
on the rotating shaker for 30 minutes. Wash the gel deverai
times with water and Ooccasionally rubbing thne surface of the gel
with a wet kimwipe to remove the precipitate until the background
is clear.

Oxidation

A stock solution of the oxidizing agent is prepared by weighing
4.79 grams of potassium dichromate. dissolve in about 100 ml of
Rater, add 1 ml of conc. nitric acida (sp=zcific gravity of 1.42)
and dilute to 500 ml. This solution is stored in the fridge.
Twenty milliliters of this solution is diluted to 200 ml for
oxidizing one gel. The gel is incubated for 5 minutes in this
solution and washed several times with water for about 30 minutes
until the gel is completely ciear.


http:buffer(pH=8.79

10.

11.

12.

13.
14.

ELUTION OF BANDS FROM PREPARATIVE GELS

Prepare 0.1% TBO and 250mM Tetramethylammonium (THA)
chloride.

Run a preparative gel (232 ammediol-tricine
acrylamide) with acid hydrolyzed pure kappa as sample

Incubate electrophoresed gel 1in .12 TBO for S wmin. on
shaker. Wash in water until bands are seen.

Lay the electrophoresed gel on a glass or clear plastic
plate placed on top of a light box. Note the arrangement
of bands in proximity to the color markers.

Number each wvisible band with the bottom most band as 1.
Usually there are 11 bands that are visible and can be
separated from other bands.

Cut each band with a scalpel and remove unwanted gel or
space in between bands. Macerate gel with band or cut
into small pieces to reduce surface area. ’

Put the macerated band in a small glass container with cover
containing 4 mls of THMA chloride.

Add blue rayon and another 4 mls to each container then
leave overnight on the shaker. Blue rayon absorbs the TBO.
Once the 1liquid and gel have become clear, remove the

liquid with a pipet using the blue rayon as filter.

Put the 1liquid in a 50ml tube and add 2 volume of
isopropanol and NaCl to a final concentration of 100mM. Let
stand in cold room for 1 hr.

Transfer into 2ml tubes then spin to precipitate the
carbohydrate. Decant until precipitate is completely dry.

Add little amount of distilled water ( 0.5ml1) and blue
cotton then leave overnight on the shaker.

Take out the blue cotton and add 3 volume of isopropanol.

Spin to precipitate carbohydrate. Decant alcohol then add
a tiny amount of water to the precipitate and sucrose. This
will be ready for electrophoresis.



Silver Staining

A stock solution is prepared by weighing 1¢.: grams of silver
nitrate, dissolving in about 100 ml OI water and diluted to 500
ml and kept in the fridge. Twenty milliliters of this solution
is diluted to 200 ml for staining one gel. The gel is incubated
for 20 minutes in this solution. After incubation the gel is
immersed in water for one minute to remove excess reagent without
agitation. Prolonged washing will remove silver reagent from the
" gel and Staining will be weak or lost.

Stain Development

A developer solution is prepared by weighing 27.7 grams of sodium
carbonate decahydrate, dissolve in about 100 m] of water, add 0.5
ml of 37% formaldehyde solution or paraformaldehyde and dilute to
1 liter. Put the gel under a white background before adding about
50 ml of the developer. Shake during development and replace
developer with a fresh one when a broun precipitate appears. The
stained bands would come tlowly and development should be stopped
when the background starts to darken by immediately removing the
developer and immersing gel in 5% acetic acid for 5 minutes.
Wash the gel with water several times before storing in ziploc
bags.
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Table 2. Antibody specificities by enzyme immunoassay inhibition. Relative amounts of kappa,

iota and lambda carrageenans needed for 50% reduction of antibody binding to kappa

carrageenan, compared to a value of “1* for the best inhibitor.

Antibody ngwell'  1ong kappa  long iota

Lambda shortkappa  shortiota
6A11-2A4 1.1(x) 1 50 60 >9 >9
SHi12 0.03(x) 1 3.6 600 1.6 8.8
7E4-3E9 0.6(x) 1 23 >33 3.7 >33
10AS 1.1(x) 1 1.6 69 1.8 8.6
7C2 0.03(x) 1 1.7 233 38 1,296
7H6-3D12 0.3(x) 1 11 16 2 16.1
4D12-1A12 0.4(v) 29 1 1.9 >345 9
3Gt 0.4(A) 11.9 23 1 153 49
3G1 + DL2 ' 109 a0

' microrgrams of antigen needed per well of a microtiter plate for 50% inhibition by the best
inhibitor, either long kappa (x), long fota (1) or long lambda (A).
2 diplold Chondrus lambda was used both to coat the plate (instead of long kappa) and as

inhibitor.
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Shivji, M.S.* & RA. Catwolico. University of Washington, Seattle,
WA. USA. ORGANIZATION OF CHLOROPLAST GENOMES
IN RED SEAWEEDS.

Seaweed chloroplast genomes remain relatively unstudied, partly
due to difficulties in purification of undegraded organellar DNA
from these polysaccharide rich algae. Information on algal
chloroplast genome structure and gene content is required to

elucidate...
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MOLECULAR ANALYSIS OF PHYCOCOLLOID QUALITY
FROM PHILIPPINE STRAINS OF EUCHEUMA AND
KAPPAPHYCUS.

Tissue printing and electrophoretic analysis were used
for rapld comparison of small samples from many
plants. Carrageenan epitopes recognized by eight
monoclonal antibodies were detected by tissue printing
of seven strains of Eucheuma and Kappaphycus. Kappa-
and jota-producing plants were readily differentiated
within two hours. Antibody 6A11 to a kappa-related
epitope labeled only Kappaphycus and antfbody 3G1 to a
lambda-related epitope labeled only Eucheuma. Mixed
carrageenan composition was found in some plants.
Tissue prints can aid in seediing selection and dot blots
can detect carrageenan presence and composition in
products. Extracted carrageenan was fragmented by
enzymatic hydrolysts and the size distributions of
kappa and fota sequences were compared by
oligosaccharide electrophoresis. Fragment size
distributions , which varied among samples , are
expected to be correlated with gel properties. Supported
by AID Grant DPE-5542-G-SS-8042.
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POSA ntificaton of ¢ ic cl ing a wound-i 1] w.
protein (p33) in camot. ver, M.L. Tiemey

Agronomy Department and Biotechnology Center, Ohio State University,
Columbus, Ohio 43210- 1002. : '
p33 is a proline-rich cell wall protein which is induced by wounding in

Carrot Storage roots. ThiSpmtcinisamcmbaofafamilyofs cell wall

ins which are synthesized in responsc to developmental and woand-
induced signals. p33 mRNA and protein have been shown to
rapidly in carTot roots after wounding, indicating that the synthesis of this cell
wan;xotcinisoncofdxcwﬂyocllnlar to physical damage. In order
to identify regulatory factors respoasible for the synthesis of p33-in wounded

charactenze .
on the p33 cDNA sequence. When these oligonucleotides are used in
polymerase chain reactioas (PCR) using a p33 cDNA as the template, a S00
base pair DNA fragment is generated which contains an asymetric Scal site.
PCR analysis of the p33-related geaomic clones, using these primers, indi

that several clones also gave rise to a 500 base pair fragment containing aScal
site. DNAscqucnccanalysisoftthCRproductswillbcusodwconﬁxmmat
these genomic clones are identical in sequence to the wound-induced p33
¢DNA. Once genomic clones encoding the wound-induced p33 protein have
been identified they will be used to characterize the cis-acting DNA sequences
involved in regulating p33 expression in wounded tissue.

’ PO
V10« ALY

and Yalip Wu, Dept. Biology,

Mary, Williamsburg, VA 23185.

Thccxu-accliularmatrixofmanymarinemdalgaciseomposedoftwo
mojor components, cellulose and a sulfated galactan. We have demon-
strated the presence of iota-carragecnan (3-linked-8-D-galactose-4-sulfate
alterpating  with' 4-linked-3,6-anhydro-o.-L-galactose-2-sulfate residues) and
cellulose in Agardhiella subulata by “C-NMR, IR, methylation analysis
and micro-chemmical techniques. Ultrastructural immunogold localization
with an anti-carrageenan monoclonal antibody demonstrated carrageenan
disu'ibuﬁonﬁnmghoutthecenwanofoorﬁmlamsinapicalrcgions.
Intracellular deposits of anti-carrageenan/gold were restricted to trans Golgi
cisternae and associated vesicles. Cellobiohydrolase/colloidal gold labelled
mﬂareasandgavcnoindicaﬁonofhmceﬂular%glycan.?xdhninary
evidence suggests carrageenan deposition precedes cellulose biogenesis in
A. subulata apical cells and that biosynthesis of these two polymers is
separated spatially as well as temporally. The two-polysaccharide cell wall
ongardhlellashmﬂdsa@casasimplcmoddsystemforthesmdy of \

biosynthesis and assembly ofthc_plant exn-acellular matrix.

Jular Matri mbly. Michael R.
George Mason University, Fairfax,
VA 22030. Valerie_Vreeland, Dept. Plant Biology, University of California
Berkeley, CA 94720 and Joe Scott, Dept. Biology, College of William &

: '
e
e /



The Controlled Release of a Nerve Growth
FFactor Protein from a Chitosan Matrix

G.G. Allan and J.G. Winterowd Department of Forest Resources, 304 Bloedel,
University of Washington, Seattle, WA 98195,

Channels (6 mm in length) composed of a blend of 37% N-acetylated chitosan
(1 mg) and nerve growth factor (NGF) protein (0.3 ug) were suitable as a guidance
and NGF sustaincd delivery system for the regeneration of severed mouse sciatic
nerves. The NGF protein had no statistically significant influence on the regenerated
nerves. The channels seemed to elicit an inflammatory response in the mice and
were substantially eroded after six weeks, When films made of chitosan and
tadioactively labeled NGF protein were immersed in aqueous solutions of lysozyme
‘pH value = 7.4, T = 37°C) it was found that 15-70% of the protein In the
film was eluted immediately and mpmainder was eluted in a manner which
+ould be explained by a simple diffusion' model (D = 1.2 x 10°"° cm?/s).

Chitosan-Copper Complexes

B.L. Averbach', M.J. Condon’, and M. Nakashima®, 'Department of Material
Science, Massachusetts Institute of Technology, Cambridge, MA 02139 and

'Soldier Science Directorate, U.S, Army Natick RD&E Center, Natick, MA
11760-5020.

Copper chitosan (copper{N-acetyls-D-glucosamine]) complexes were prepared
n two ways. In one, the copper ion was added as copper acetate to a chitosan-
wcetic acid solution from which membranes were cast. In the second, chitosan
nembranes were cast from chitosan-acetic acld solutions and then soaked in
hlute solutions of copper sulfate. X-ray diffraction data indicated that the copper
«cetate membranes were amorphous. The copper sulfate membranes were
rystalline, with indications that crystallites of copper sulfate and metallic copper
sere present. XPS spectra showed that the copper was bonded as a metallic
omplex in the copper-acetate membranes. The bonding in the copper sulfate
nembranes was also that of a metallic complex, but copper peaks corresponding
2 those in copper-sulfate were also observed.

BEST AVAILABLE COPY

Biopolymers Sympasium

AcS meeting’, Atlante, April HQIQ

Phycocolloid Subunit Analysis

V. Vreeland and W.M. Lactsch, Department of Plant Biology, University of
California, Berkeley, CA 94720,

The subunits of gelling carbohydrates from marine plants (carrageenan, agar
and alginate) and other sources (pectate, xanthan) were Investigated with rapid,
sensitive, microscale methods. Subunit size distribution was analyzed by
electrophoresis into discrete bands after specific enzymatic cleavage. Subunit types
were identified and localized in tissue sections and on membrane blots by molecular
markers. Molecular markers prepared included monoclonal antibodies with
specificities for gelling, nongelling and precursor subunits, as wall as direct gelling
probes. Intracellular synthesis and differential subunit distribution in cell walls
was found for the phycocolloids. A type of nongelling organization of alginate
gelling subunits was found, and evidence supporting a nongelling role for alginate
in adhesion of brown algal embryos to the substrate was produced. Differences
in pectate distribution, esterification end molecular size were found during fruit
ripening. This approach is being used ‘for phycocolloid detection and quality
assessment. This rescarch was supported by NSF, California Sea Grant College

N

Program, Kraft, Marine Colloids and the Agency for International Development. ,

Synthetic Antifreeze Peptides o

T, Caceci, M.B.W. Szumanski, T.E. Toth, and J.A. Cobb, Virginia/Maryland
Regional College of Veterinary Medicine, VPI&SU, Blacksburg, Virginia 24061,

For many years it has been known that certain species of cold water fishes
claborate polypeptide and glycoprotein “antifreezes™ as a protection against
intraorganismal ice formation. These materials are capable of suppressing the
growth of ice crystals to temperatures as low as -2° Celsius. The peplide antifreezes
have besn well studied. Native antifreeze peptides (AFPs) are rigid rod-shaped
molecules composed of a limited variety of amino acids, principally alanine and
threonine in the case of class I (alanine-rich) forms. The combination of polar
and nonpolar amino acids, the internal and external dipole moments, and the

orientation of the active (hydrophilic) groups on one side of the rod permit the

molecules to orient correctly and hydrogen-bond to the forming ice crystal face,
Active groups are spaced to facilitate this bonding. We have designed and produced
synthetic AFPs twice the size of natural ones, and are testing them for activity
below -2°C, E



ABSTRACTS
SEASONAL VARIATION OF PHOTOSYNTHES1IS, PHOTOCONTROL OF GERMINATION IN POST PRIMARY
CROWTH AND BIOMASS OF GIGARTINA AND SECONDARY DORMANT OOSPORES  OF NITFLIA
(RHODOPHYTA) IN THE GULF OF CALIFORNIA. Alejandro FURCATA. Roger C. Sokol Department of Biological g oces,
Cabello, Isai Pacheco, Jose A. Zertuche and Universtiy at Albany, State University of New York, Abasy, N.Y.
Boudevijn H. Brinkhuis. State Univ. of New York at 12222

Stony Brook and Institute de Investigaciones

Oceanologicas, Ensenada, Mexico. Light was required to germinate both post primary (PPD) and

Photosynthesis, respiration, growth and post secondary dormant (PSD) oospores of Nitellg furcata subsp.
percent cover of the comnercially valuable seaveed, megacarpa (Allen emend. Wood), Annamuml‘«mmm
Gloartina pactinata, was exanined for 2pproximately of PSD oospores g:svsﬂa evidence for s the
tvoyuu.nutpociuiuwulctotbocultot photoreceptor. The mmmcﬂw&uﬁr
c-utomhnultvutoundqmlnqhtbohlqh andmwndedbp.boupﬂumeuinthnmdlxw-‘uzx ol
mbllttonlmtonlul-mdopthot‘n.mth. m3, GanmbumMZnnnMW
study tone it appears during winter ana disappears 420 204760 nm and was not <ed reversible. At the
hlldM.AnledailyinlLﬁnmot mmmﬂmm(mw-msmdww
lo.nvurooozdodlttboboqlnimotsprinqundu M"dﬂmmduﬂ“ﬂ-d‘ﬁhﬂ-.
maximos biomass of 398.5 + 119.0 g dry wveight n~? wha“‘?‘WMde By costramt, PPD
mtm-tthcndotsprlm.cmhthouold cospores required multi ub"‘."m“"‘%“
is negatively affected by high temperature during germinate maximally, fuggestion is VLFR may be o

msqmadwpwchnhn‘mhkom Activation of PPD
the sumer months. Laboratory grovth vas “53"'91! ootpuu'mupulomdlngerundardﬁnn\mda'ﬂcw
reduced at irradiances hlghcr than 113 ‘s which muy implicate the participation of a 1, Moe light

and tesperatures ubove 2167C. This specfes seeas to photerece
grgv optimally at irradfances between 5o and 100 ur ptor.
2% 870 and temperatures betveen 18 and 22%,
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THERMO- AND PHOTOPERIOD DISCRININATORS WTTHIN A
CERNIRATION VINDOW OF CHARA OOSPORES: LOCATORS OF EXTERFAL

36 BOUNDARIES. R.C. Stcoss, Dept. of Bfel. Sclences, Uatv,
(SUNY) ac Albany,
[OTA G BIOG IN A Carainact lac. detecced { 1 { tanacely
ELL A4 MEDIATED. Michael maination regulators were ec a s clone o e
AGARDHI SUBULATA IS GOLGI IA - M R dormanc cospores of Ghara zeylenfca (Klaim ex. Valdenow).

Greuz and Yalia Wn. Depe. Biology, Gcotgc M”‘.” U:livcrn'ty, F‘m Crowm {n outdoor tanks, fully ripened oesperes wvere
VAmJo.Valcmeknd,DchB«my.Unmmzyoleh{m £ N { 1
Berkeky CA 94720 and Joe Seott, Biology, of William & transferred .to varfous combinacions o ght and ceaperature-
iy Dept . Caﬂcge for afcerripening, Cera{nation vas aeasured im o staendardized
Mary, Williamsburg, VA 23185, . . @vEay arens {n response te light and tesperacure., A
The.cdl "‘n‘-""""h life cyde phases of Agardhiella subulato consist geTsination vindov opened indapendently of afcarripening
Ddcup'mmm‘d,"‘m,winﬁum;‘d o:ﬂulosctsdcmomtratcdby"‘c- temperature. It vas maxinally open for less than s Doath,
magnetic resonance, $pectrascopy, methylation analysis vith a atdpoint at 6.2 months postharvest. Uichin the window,
ndnﬁao-chcmiallcchniquuCoUoiddgo!d/mooodomimmnocﬁo- gerninscion canged froa non (0.0) fa short—day ¢o all (100%)
i i geenan demoastrated carrageenan in long-dsy thermocycles. The requirenent for light smd the
distribution throaghout the ccll wall i gpical regioas of thalli. Intra- coatrelling effect of daylength oa gerninacion was established
posits of anti-carry restricted 1o trans 3 in psruissive thermocycles and {n constant teupearature. The
@Ihxlardc o : gecnan/gold were lo Golgi controlling effect of daylength deaanded the oospores be
- . . .. afterripensd (n o lighe/dark cycle. Long knovn to semse
;ﬂécucxmmmwm&or@aummngmm ‘gaps’ or "{ncernal® boundarfes of o plant canopy, propagules
- nee mmw posilioa P‘?w’“ cellulose 'OKC"CSP nov give evidence of sensing “external boundarfes, such as
® A. subulata 3pical cclls and that biosynthesis of these two POlYm‘“ B aight be displayed {n Nicells ®22dovs, treelines, and che
:p;r:‘:;d spatially a3 well as umpo@lnl;kac No-pow?du&de cell nceretidal,
O Agardin'rlla stoald serve as a simple moded system for the study
of biosynthesis and assembly of plant cell walls,

40

The physiology of dhothylmrauopmlmu (DMSP) prodection

in phytoplankton.
37 Naurees D. Keller end Yendy K. Bellows
Both et: Bigelow Laboratory for Oceen Sciences . oAsTS
fickown  Potne, W. Boo Narbor, NE

e T O R L M g
- . . o * sulflide . prima el sul conpound
Besearch Instituts, Bea-Gurion University, Sde-Boker ISRAEL. relessed froa the vorld'oqoccmvo . v:sur?:‘:m the oceans ts
R e . uuucuwrmm.:-x.zms.r.ocmwm
Thndmcm!a&mhmdmm.mm;nmhapotenm Ssount of sulfur resulting fros anthroprogeaic activities. end
sourcs for the pharmaceutically valuable falty acids a6 been {splicated in fmportant globel stzospharic processes.

memmmmmﬂmfaa acid Significeat production of DISP 13 coafined to @ few classes of

:csiﬁon of this slga is highly dependent on envimxnenyul sarine phytoplankton, prfeari ly the DPimophycess and

. Aa.mm sboat im“mudwn contents b:'dh frati 807 ot s et luce  DSP rosaioe Introcelia ey
total ocgenic sulfuc, rema

EPA b fairly constent over the growth cycle until late staticracy

l-tﬁcﬁon.udhodadevdopodfomg’t:u i tionrbe’a:lbdlncn phase when axtracellular levels begin to rise, suggesting
oil contain; EP, thr mi tved the of leakage. Hs have exeained the effects of a numder of

”tllmngm __LAno crlppmaeh s Sas U environeeatal vacisbles oa DMSP production and relesss in
MWWWW““W“M‘W several amarine phytoplankton, In perticuler the effects of
desaturation ‘w‘!“ﬂd“h"?‘fﬂi{‘ﬂi By treating P, percurbations in 1ight. tespersture end mstrient statws have
mm%'ﬁ%bmwﬁmmwumn bedn deterained. These results vill be discussod is relecion
MWMmdeyhnm g0 werine sulfwr chesistry, with ancillery cossests on
incressed EPA content, freshwater phytoplankton.,
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Clening of 8¢ Geae fur VPS4, the Majoe  Capsid  “rotein
of Chlorcila Views PACY-), Michael V. Graves and Russel H.
Mams, Oregva Saw Universite, Cuorvallis, Cregun 97331 LSA.

PACY-1 i a rge polyhedral dsDNA (330 khp)  virws which
alects 2 wmiccllelar. cularyone, cxsymbioat Chlorella-like green
dlgic.  Swwtunlly. e vieus is 64% protein. 25% DNA. and $-10%
lipud  Large quamistics of the sirws caa be purified from algal
cultercs ami a plagque 3133y has been developed making this 3 auvel
Sysiem for srudying the regulation of gene expression in a
photosysthetic  bost-virus relatioaship.

The major capeid proscia (MWaS4 &D) of the virus, a glycoprotcia
which comstituies =40% of e ol virioa protein, has beem
putificd wsing SDS-PAGE and Bquid columa chrumatgraphy.  This
proteia ctists in the vires a3 & dimer (MWuiQ4 kD) which i3 suble i
lbep:ua«olsm.-a.arntduhgambulmk
dissociatod wiieg bemt (100 *°C) or pbemol. A polycloas! amtiscrum
has beea nrised w A 6 20d pertisl omino acid sequence dana

mitive prowcia a3

fragmcnes. Wemern blot amalysis of proscias isolated at varives
time polaty 'xﬁoah&am&udnapﬁdpmd-b
WaMWWhhlmmhMm

probably escodsd by a The scquence data were wsed S0
coastruct degenename oligoauciestides which were subsequeanily
-dExdﬁ!CldmkDNAnlnplifyadcmumﬁx
VPS4,

134

ULTRASTRUCTURAL IMMUNOGOLD LOCALIZATION OF CARRA-
GEENAN IN THE GOLGI COMPLEX OF AGARDHIELLA SUBULATA.
Michacl R. Gretz ard Yalin Wu, George Mason Universicy, Fairfax, VA
ml&lo:SCOu.Qik;chiﬂim&Muy, Williamsburg, VA 23185;
and Valeric Vrecland, University of California Berkeley, CA 94720, USA.

MCmnularmi:dmymuinemdalgxiscanpoudo{m
mjorcoqmmn,ecﬂnloscmdamlfamdplch have demonstraied
the presence of ioa-carageenan (-linked-8-D-galaciosc-4-sulfaze aliemating
with 4-linked-3.6- anhydro-a-L- galacwose-2-sulfate residucs) and cellulose in
Agardhiella subuiza by "C-NMR, IR, methylation analysis and micro- -
clunicall:chniqmmnmwmiﬂh'nunogoldloaﬁndonvﬁhmand-

labelled. Owr results suggest that camageenan depon‘u'mpm&dac:llulosc
bbmﬂikmwwmmﬁmyndtﬁsdwcm
pdymhzmndspadnﬂyuwﬂumxponlly.
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SZASONAL STCCESSION IN A SOIL ALGAL COMMUBITY ASSOCIATED
mnmmmrummummusrmoam. Anne E.
irondin ead Jeffrey R. Johansen, Dapertaent of Biology, Joha
arroll Jaiversity, Gaiversity Beights,.Ohlo 44118 USA.

A total of 43 algal taxa wvas fdentified fros tha s0il of o
‘oung beach-eapls forest. The taxa vere distributed in the
‘olloving classes as indicateds 2 Cyanophycees, 29 ) .
hlorophyoses, 1 Slvaghyceas, 1 Chrysophycese, & Xanthophyceae,
Saccessional patterns were not very
Althougt: species™coapoeition changed over tise, .
pecies vere preseat yoar-roond. Algal deositias, as.
*terained through dilsticn plate tachniques, flictuated duriong
he year of the stady, vith occurring in January (a briaf
wraing paried i aid-vister), May (late spring), August, and
*ptacher (late summer/early fall). Algel pusbers sessed most
losely tied to tamparatare, although soil moisture vas also
tportant. The cooplex ssvircasental changes that ocour at _
18 site during the year are likely responsible for the lack:
" clear pattearns. Thase changes include: tesperature
lactuatiens, ucpredictable precipitation pattarus, skading by
®e canopy, and shoding by leaf litter. This study suggests
A3°i= erder to wtmdy ssescnsl sucosssion

'Te Irequest sazpliag regise them once per noath 1s naeded.

in forest soils a - -
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VANADATE-SENSITIVE ATPase IN THE ACIDOPHILIC RED
ALGA .

Wolfs . Biology Dept., University of California
Sania Cruz, USA. Present address: Inst. Plant Physiology.
Free University Berlin, 1000 Berlin 33, Germany.

The alga Galdicria sulphuraria is a thermo- and acido-
philic uaicellular rhodophyte. While the pH in the growth
medium can be as low as 1, the cytosolic pH remains
ncutral. Therefore, a proton gradicat exists across the
plasma membrane of about 1:10-6, High activity of a
vanadate-sensitive ATPase- was found in partially parified
plasma membranes from~ icria, The optimum of the
ATPase was around pH 6.0. The activity of the ATPase at
508 C was 30 times higher than at 200 C. Iaq coatrast,
various soluble enzymes showed ocaly 5 - 6 fold increase
in ectivity. This temperzture. sensitivity -of the ATPase in
GCaldieria would be Nccessary to compensate for the
increase in proton flux at higher growth temperatures.
Sopponied by (he Alctaader-von-Humbolds Foendatioa.
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GENES ENCODING LIGHT HARVESTING PROTEINS [N
EHE DIATOM PHAEODACTYLIA TRICORNUTUM. Astbur R.

rossmas, Annamaria Manodori, Devaki Kirk Apt, Carnegie
Institution of Washington, Stanfory, CA, 94305, USA

The major light harvesting co in the diatoms is a fucoxanthin,
chlorophyll a, ¢ complex. polypeptides of this complex eahibit
0me immunol 31‘ relatedness to the chlorophyll a, b binding
(Cab) polypeptides of the major light harvesting complex in
terrestrial plants. Antibodies to the fucoxanthin, chlorophyll a, ¢
binding proteins (Fcps) were used 10 isolate the cognate genes. The
Jepgenes are a multigenc family on the auclear genome of
Ph micomutum. d on gene u(ﬁem the Fi
exhibit some homalogy to Cab polypeplides of higher plants,
rﬁmﬁlyinarcgionohhc&bpo%ypcgtida thought to be immportan:

o¢ chlorophyll binding. Furthermore, cps are synthesized as

peecursor ides in the eytcclasm of the cell. In terresuial
plants the presequence, of transit [*ptide, is essential foc the post-
translational targeting of the praien to the In the
diatoms the presequence is more similar both in sequence and :
biochemical characteristics to a sig1al sequence, which is involved in
the cotranslational transport of proteins into the P
reticulum. These results are discu: sed with reference to the
evolution of plastids in the chromc nhytic algae.
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PRELININARY STUDY OF THE CHARACEAR SPICIES IN RIGN-ALTITDOZ
LAKES (WESTEAN ZUROPE, MOROCCO AND BOLIVIA). Michelinme Guerles~
quin, I.R.P.A.-0.C.0.,8.P.808, P-49008 ANCERS Cedex 01, Praace

Porty-six microspecies (sensw WOOD,1963) have boen gathered
from a menber of the lakes in eight stefied altitude regions
{higher than 330 m) ia France {Vosges, Jura, Alps, Auvergme,
Pyzenses). morthera and esasters parts of Spain, Morocco emd
Solivia: 26 Charg, 2Llawprothamiim, | Picellopeis, 14 Witella
aad 3 Tolypella. The Characess species Tately esnceod 2000 m in
Hestern Ewrope and forocco. But thymhlo-dntmt.lu
4000 m in Belivia.

The cosmopolitas and subcossopolitan taxa predominate im all
the stodied regiocas (37,3 %). A large p ape of demlc
species (J1 3) are aoticed in Bolivia [ accordance with whst
Ls proseatly knowm.

At high altitede, the Characeas specien are often stecile
o¢ produce frequant abnormalities in
mul'an‘ their gametangia.

sebdicecions in time (exaggerated protandry
femalo plaats) oc in spaces the Bile and female Jamgtangtia age
froquently prodeced at differant Rodas (sejoined sanstanyia).

'BEST AVAILABLE COPY’
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vreeland, V.,*E. Zablackis and W.M. Laetsch.
MONOCLONAL ANTIBODIES IDENTIFY INTRACELLULAR
SYNTHESIS OF CARRAGEENAN SUBUNITS.
Monoclonal antibodies identified kappa,
iota and lambda carrageenan structures by
iamunofluorescence on red algal sections.
Methacrylate sections of Bucheuma alvarezii
var. Tambalang, which produces kappa
carrageenan, were examined. The pattern of
extracellular labelling was diatincctive foc
each antibody. The anti-kappa antibody
labelled all cell valls and matrix brightly,
except for the cuticle and the outermost few
cell layers. The anti-jota antibody weakly
izbelled the matrix between walls, except
nzar the thallus surface. The anti-lambda
antibody brightly labelled only the cuticle
at the thallus surface and a wall layer on a
fev cells in the coré. All of these
antibodies labelled intracellular inclusions
in ths 2-3 cell layers of small cells
adjacent to the columnar epidermal cells,
even vhen the valls —{ these cells was not
labelled. Supported by California Sea Grant

Inc., and Agency for International
Development DPE-5542-G~-SS-A042-04.

Kosovel,V. ,A.Avanzini*,V.Scarcia and
A.¥urlani.SEASONAL VARIATIONS OF THE CYTO~
STATIC ACTIVITY IN DICTYOPTERIS MEMBRANACEA
Among the screened algae of the Gulf of
Trieste for the cytostatic a_ctivity,parr.icg_
larly interesting appears to be the activi-
ty in all the three different crude ex-
tracts(boiling wvater,30t% ethanol,chloroform)
obtained from the brown alga D.membranacea
Present in the Gulf of Trieste in all the
secasons of the year.
The present work refers about the "in
vitro® assays against KB cell growth,carried
out at monthly intervalg with D.membranacea
crude extracts.The results indicate that the
production of cytostatic substances by this
alga is clearly affected by the seasons of
the year,in feoct the activity varies from
very high values in the month of December
(6852743 of grovth inhibition at 0.1 mcg/mll
of the culture medium ip chloroform, ethanol
and aqueous extract respectively) to no ac-
tivity in the months from January to June
during the year 1968.

R/MP-36, Marine (olloids Division of FMC,

Noda, H., H. Amano and K. Arashima and K.
Nisizaws. ANTITUMOUR ACTIVITY OF MARINE
ALGAE,

Antitumour effects =€ marine algae
against in vivo screening ( Ehrlich carci-
noma snd Meth A fibrosarcoma ) and in vitro
screening ( human cancer cell lines ) were
studied from the view point of possible
utilirzation for tumour preventing material.
Of these results, particularly ghould it be
pointed out the fact that several powder
such as Sargassum riggoldianum, Laminaria

tata, Eucheuma cottinii and Porphyra
yezoensis shoved relatively high ant{tumour
activities. Partially purified polysa-
crhirides, 1.e. fucoidan, caragzenan and
porphyran preperations from sesweed mention-
ed above vere effective against both Ehrlich
carcinoma and Metl 4 fibrosarcoma. The
antitumour activities of neutral 1lipid,
glycolipid and phospholipid fractions from
S. ringgoldisnum, and those of glycolipid
end phospholipid fractions from L.angustata
vere of high values. Phospholipid fraction
rom P.yezoensis showed a very high activity.

Hori, K.*, K. Miyazawa and K. i1to. SOME
COMMON PROPERTY AMONG LECTINS FROM
MARINE ALGCAE.

It has now been demonstrated that hema-
gglutinins were widely distributed in marine
slgae. Nevertheless, agglutinins(or lectins)
have been isolated and characterized only
from several species. it is one goal of our
study to elucidate the structure and function
of lectins from marine algae, which will be
useful for understanding of molecular evolu-~
tion of lectins from lower to higher plant, a
and for evaluation of fine chemicals from
marine algae.

We have to date isolated and characterized
totally 12 lectins from & species of marine al-
gse. These lecting revealed monomeric pro-
teins or glycoproteins with the low-molecular
weight of §,200 to 25, 000. interestingly, a
Hypnea E%l_ca lectin; "Hypnin A", vas a
simple peptide consisted of 43 amino 2cid re-
sidues. The actlvitles of these lectini were
commonly inhibited by glycoproteins bearing
N-glycosidic sugar chains, but not by any
monosaccharides tested. Some common pro-
perties of marine algal lectins will be presen-
ted in camparison with lectins from higher

plants.

/
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ﬁ. Vreeland *E. Zablackis, #. Gretz, N. 7
Scanley, D. Stancioff, F. H. Kirkpatrick and
W.M. Laetsch. ELECTROPHORETIC ANALYSIS Oof
CARRAGEENAN SUBSTRUCTURE AND INTERACTIONS.
polyacrylamide electrophoresis vas used
to scudy the size distribution, purity and
interactions of kappa, iota and lambda
carrageenan fragments. The native size
distribution of kappa and iota subunits vas
evident after treatment with iota- and
kappa-carrageenases, respectively. Kappa
and iota subunits had distinctive band
patterns and color when silver stained. The
sultiple bands of each repeating pattetn may
represent differcnces in sulfation,
anhydrogalactose’ oontent oc chain length.
'nwgrityotkappaandloumpl.esm
asses=ed by the presence of contaminating
bands. Noregularpaccemvasaeentot
lambda carrageenan after treatment with
lambda-, kappa- or iota-carrageenases or
after acidic hydrolysis. Calcium precip-
icated short kappa but not jota subunits,
Relatively soft iota gels apparently form by
dimerization only. Supported by California
Sea Grant R/MP-36, Marine C(vlloids Division
of FMC, Inc., and Mency for Intermational
Development DPE-5542-G-SS~AD42-0d.

Cosson, J., E. Deslandes and J.P. Braud *
SEASONAL VARIATIONS IN CARRAGEENANS FROM
FOUR CARRAGEENOPHYTES ON THE NORMANDY COAST
(FRANCE).

Carrageenans, extracted by alkaline trans-
formation, vere studied by spectroscopic and
physicochemical methods in sowme Rhodophyceae
from Normandy coasts. Among thez, four spe-
cies vhich synthesized i-carrageenan vere
scudied during the year : Calliblepharis ci-
l1iata (Huds.) Kitz., C. jubata (Good. et
Woodw.) Kitz., (ystoclonium purpureum (Huds)
Batt. and Gymnogongrus crenulatus (Turm.) J.
Agardh. Carrageenan quantities changed with
the geasons : maximum at the end of spring
and minisua in auctuzn, in relation with
grovth and reproducctive periods of this al-
gae.

=l

Chopin, T.*!, Hanisak?, M.D., Koekn?, ¥.,
Mollion!, J., and S. Moreau3.
IEPPV, Univ. Lille, 59655 Villeneuve d'Ascq
Cédex, France. 2Barbor Branch Oceanographic
Inst., Fort Pierce, Florida, 34946 U.S.A.
JINSERM-U42, 59650 Villeneuve d'Ascq Cédex,
Fraoce. )
EFFECTS OF PHOSPHORUS CONCENTRATION IN SE.-
WATER ON GROWIEB AND CARRAGEENAN CONTENT IN
AGARDHIFLLA SUBULATA (RHODOPHYCEAE,
GIGARTINALES). 13
. ?nfrared and ~C-NMR spectroscopies, gas
liquid chromatography, and chemical analysis
shoved that phycocolloids extracted from A.
subulata had & dominant 1-carrageenan fea-
ture. Unattached plants were cultivated for
& veeks in tanks receiving seswvater enriched
vitl.l 53.5 uyM N snd vith O to 20 uM P/veek.
Maximal grouth rate and carrageenan content
vere observed with an enrichment of 6 uM P
and 3 M P, respectively. Diminished results
were obtained at either lower or higher P
conceatrations. Bence, carrageenan produc-
tion was promoted in the range of 3-6 uM P.
Further P enrichment was useless. This phe-
nomenon, observed while studying P putrition,
compared vith the Neish effect shown in M
putrition scudies.

Deslandes, E.*, P. Potin and J.Y. Floc'h.
CONTRIBUTION Oli THE CONTENT AND NATURE OF THE
PHYCOCOLLOID FROM KALLYMENIA RENIFORMIS
(TURNER) J. AGARDH.

The red alga Kallymenia reniformis (Rho-

-|dophyta, Cryptonemiales) collected on the

vest coast of Brittany contained 43 Z ash,
5.6 I crude protein and 38.7 I soluble carbo-
hydrate. The phycocolloid extract (38 1 dry
veight) vas investigated using chemical and
spectroscopic (I.R. and 13c N.M.R.) methods.
Preliminary results shov that this polysac-
charide belongs to the lambda-carrageenan
family. )
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V IHE PRIMARY CELL WALL OF A NON-GRAMINACEOUS MONOCOT l ELECTROPHORETIC ANALYSIS OF POLYGALACTURORATE, ALGIRATE AND

ASPARAGUS

. D.T. A. Lsmport Depe. of Biochcm, DOE/PRL, Mich. Staic Univ,
E Laming, M! 48024
W-m.wﬂym-dwmammdﬂah‘
moaocots. We aim 10 wtikze the primary ocll wall as 8 100! for stedy of the relationship
» the grama i, the sos-grami ts, snd the dicocs,
m'zmdemdedWawiﬂe
whose CompOsition seggests an i fatioaship b the grami
B000cot, mebie, sed the Gicots. Asino scid scalysts of this peptide lndicorcs aa cmpirical
formuls containing Scrtyp,Pro, together with bodityrosine. Usderhydroxylation of
cxtcasin occurs in meise This cvidcact supports the close relstiomship botween
sspacegus(s RoD-gramiasccous mosncot) and Lhe graminaccous mooocots. O the othet
hend, Gt prescsce ~ T indicaics bees divergeace {rom the dicot primary ocl weil
mm«.mumﬂmmwmmdm
1a addion, OCMS sashels will provide soquence dixa for sthis peptide and coofirm the
groscace or shecacc of DT,
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2ffect of Chitosca om Callose Synthase ia Plaat Cell
Suspension Cells.

Sertha Croes, Pletrick Knorr, sod Marparet Slosa
Departasat of Food Scienco, Usiversity of Delsuvare, Nevark, De

The offect of chitossa on & csllose syaihesiziag earyne vas
exemined im carrot oad Cheno {um suspeasioa cells, Callose
systhase vas noet active at the earlier scages of grovth, vhea
tha calls vare activicy dividisg. Chitosan stimelated callose
cynthase at days 2 saad 10 ia culture. BNovever, chitosan had
1ittle effect on the isolated microcomal eazyre. Clucans
syathesited vere perdominately B3-1,3 linkaged, Tha activicy
of chitinsse snd ATPase vill also ba discussed.
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PYROLYSIS-CCS CHARACTERIZATION OF PLANT CELL WALLS

.0, Matfield ld_;_u]m USDA-ARS, U.S. Datry Forage Research
Center, 1925 Ut Orive West, Madison W1 53706

Pyrelysts has been showm to fragment plari materfals fato
dipgmestic eam-u that are iadicative of the parest
solecule. e wied pyrolysis-GC-HS to analyze plant cell
walls. Pyrolysis was carried cut using a CDS pyroprode set to
ballistically heat 250-750 pg saaples to 200°C and to carvy the
wlatile cosponents oato the top of 60a 03-1 capillary colum.
The €C tesperature was held at SO°C to trap and focus volatile
materials and then rasped to 275°C at 4°C/ain. Compounds
eloting from the columm were {dentified by their myts spectra
a3 ligatin-related, carbchydrate-related, or extractives. Ue
have wsed this techaique to re cell walls from differeat
plast tissves. Ligain- and 1{c-derived fragaeats have
diagnostic fragaeatationa’ pa in mass spoctrometry and
provide a wealth of tafcrmation. Carbohydrate-derived
compounds are more difficult to iaterpret but do provide
{aformation ea geseral classes of polysaccharides preseat.

. - BEST AVAILABLE COPY

CARRAGEENAN SUBSTRUCTURE AMO PROPERTIES

Yalerie '_rgl_ag;,.l garl Zablackis,? Bogdaa Doboszewski,!
Hichael Saxton,) and Motsoa M. taetschl umiv. Calif: 1Plaat
Siol. Dept., Berkeley, CA 94720; Z8iot. Sci. Dept., Santa
Sarbara, CA 93106; 3Plant Growth Lab, Davisz, CR 95616
Polysacrylamide electrophoresis was used te sepirate alicrograms
of polygslacturonate, alginate and carrigeenda fragaeats iato
discrete bands, esch band differiag in length by one sugar
wait. Carbohydrate from 1 mg of tissue wis analyzed, resolving
fragneats 4-100 sugar waits ia length. Each cartohydrate
frageeat type had a distinctive band patterw. The native size
distridutions of gelling and nongelling suduaits were deter-
ained after specific enzymatic clesvage. loa fractionstion of
subunit types revesled new informition om subwuait interactions.
Aa alginate subeait arrasgemeat was fdentiffed with gelling -
subenits which could not gel due to kiaks. Of the two carra-
geenan gelling swbualts, kappa forns aggregates ia calciwm leas
but fota conaot and presumably forms dimers. Microscale ¢le-
tiea and purification of flworescent swbunits was used to
prepare sonodisperse prodes to study gellieg tateractices.
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SIMULTANTOUS ANALYSES OF OLIGOGALACTURONIC ACIDS WITR AND
WITHOUT A 4,5 UNSATURATED FUNCTION AT THE NONREDUCING END
Adaad T, Howchkiz, Jr.!, Kevia B, Hicky', Eitaboth YW, Orlend® sad €, Jacrn Rekax’
USDA-ARS, ERRC, Philladcighia, PA 19118; *BARC, Bckowille, MD 20703
Tadtsanlly A, & of4s d S0uds has bens ued 40 ovelusic the
dymerizstion of ysaccharides by p lysos. This egpecach whan weed b»
sanisce e chasges {a dogres of polymoriztion (DP) igneces e g ion of ohige-
Mﬂmwmumd]hhﬁlmd
#Wwwﬂh“mm-ﬁmm
(Dioscx CasboPuc PAT cokema, pi § osalate buffer noaSiaeer g+ - af tachle phase)
wﬁww&m(mmmnmmh*
© aeparase and detoct shigogal c acida bots wich sad withont 4,5-wacciucsied
fanctions of their deciag cnds in pectai tyess digesms. Prcpactive HPLC purified
eligogel ic acid steadards wore wead (o ldontify poaks in pectsie fyess Ggent
ch s Retertion tims comparnsons wore also meds with o polygalachwenic ecid
cheve bydeolyomte hat saed cligogal ic acids wp 40 & DP of 50 Gt lackad
Ge 43 d fection. Wik comperiag 5ike DP ohigogalectmecaic acids, thoos
without the ¢ S-uamburnied funch 8 chuied sarfier from the CmboPac PAS columa then &d
their d P Thess achaiques provide the et anseas for G DP
amigamcnt of ofigogl ic acids g ed by Soth hysic ead hrydeclytic cleovags of
polygalactercoic scid sad plaat ocl walls.
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LIGHT-INDUCED INHBIBITION OF CELL DIVISION IN VITTARIA
Robert Sabba, Jennifer Ruth Hoffsam & Joha Miller
#iol. Dept..Syracuse Unlv., Syracuse.WY 13244
Gasatophytes of the fern Vittaria graminifolis bear
$-celled propagules called gemasze. Pour o cells
may divide asymmetrically, producisg & gsaller cell
vhich differeatiates into a rhizoid or prothalles.
When gesmae ara growva under coatimwoes vhite light,
division is promotsd by incressing light inteasity,
up to a maximum at 2v/m2. Greater iatensitics fahibit
division in a dose-dependent manner, by cauvsing a
delay before divisiocs begins. The maxisal division
rate, however, is unaltered. A 24 bour high light
intensity pulse also deslays divisioa, even whes givea
1-) days before division begins. Apparently, a phass
preparatory to mitosis exists, durisg the Gl or §
phase, vhich can be regulated by light intensity. The
effect of high light futensity oa divisioca is mot
attributable to an i{mhibition of photosynthesis.
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ALGINATE AND CARRAGEENAN SUBUNIT ANALYSIS WITH SPECIFIC MARKERS
AND ELECTROPHORESIS. Valerie Vreeland. Department. of Plant Biolo-
g8y. University of California, Berkeley, CA 94720. USA

Phycocolloids such as carrageenan and alginate are carbohy-
drates extracted from the cell walls of seaweeds. The same
gelling. viscosity and binding properties responsible for their
commercial value are important for algal wall structure and
function. However. variability in polydispersity, composition
and structural organization have limited both commercial develop-
ment and understanding how wall structure is controlled. We have
employed two approaches from nucleic acid and protein research to
study the structure/function relationship of these phycocolloids.
These are in situ localization of gelling and nongelling se-
quences with molecular markers (monoclonal antibodies and hybri-
dization probes) and electrophoretic analysis of rhycocolloid
fragments.

Carrageenan is a family of sulfated galactan polymers having
several types of disaccharide repeating units along hybrid mole-
cules. Kappa carrageenan forms a firm gel, iota carrageenan
formas a weak gel, and lambda carrageenan is highly sulfated but
does not gel. He have studied kappa and iota carrageenan in red
algae from seaweed farms in the Philippines. Plants having
pPredominantly kappa carrageenan (Kappaphycus alvarezii) and iota
carrageenan {Bucheuma splnosum) are propagated vegetatively. The
quality of carrageenan harvested is variable. and a decrease in
gel strength of farmed carrageenan »ossibly due to interbreeding
has been observed with time. Monoclonal antibodies to kappa.
iota, lambda, precursor and other carrageenan components were
used in tissue blot and dot blot assays to rapidly compare carra-
geenan composition and purity in farmed plants and in carragee-
nan-containing food products. Tissue blotting clearly showed
significant differences among farmed plants, and can contribute
to selection of seedling plants which produce high quality carra-
geenan. Large medullary cells are generated from a reripheral
meristematic cell layer in Kappaphycus alvarezii, and intracellu-
lar carrageenan synthesis was seen in young branches by jimmuno-
fluorescence. Large amounts of low-gelling precursor carragee-
nan were found intracellularly in medullary cells of rapidly-
growing plants, while less was seen in slowly-growing plants.

Electrophoretic analysis of carrageenan fragments was accom-
plished on polyacrylamide gels. Kappa and iota carrageenan each
produced a complex and distinctive band pattern after partial
cleavage by acid or specific enzymes (kappa carrageenase and iota
carrageenase). However, no bands were seen for lambda carragee-
nan, which therefore has no regular repeating structure.

Alginate production was studied during cell wall assembly in
zygotes of the brown alga, Fucus. Alginate, the major .cell wall
carbohydrate from brown seaweeds, is a linear polymer of two
sugar unlits arranged into three types of sequences of variable
length and with different properties. Polymannuronate.and alter-
nating mannuronate-guluronate - segments are nongelling, while
polyguluronate segments  form .gels- in the presence of calcium.
Ultrastrucural immunogold. labeling. of zygotes with monoclonal
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antibodies specific for the gelling subunit revealed that their
blosynthesis occurs in Golgi vesicles. The intracelluliar addi-
tion of gelling subunits to alginate in this alga differs from
the extracellular addition ip the bacterium A4zotobacter vine-
landii. Alginase activity was found associated with localized
wall-loosening during germination of zygotes. The termini of
gelling segments were labeled in the mucilage surrounding the
rhizoid produced at germination, while gelling segments were
labeled in the fibrillar rhizoid wall. This provided evidence
for both a gelling function for polyguiuronate in wall fibrils
and a nongelling function in the mucilage which mediates adhesion
of the zygote to the substrate. Phenolic compounds were also
localized to the mucilage. These observations led to a hypothe-
sis for the mechanism of adhesion in brown algal zygotes: phenol-
ic materials crosslink carbohydrate fibers and serve as adhesion
sites, in a manner analogocus to the adhesion mechanism of marine
invertebrates such as mussels.

Alginate subunits and polygalacturonate were separated by
electrophoresis on acrylamide gels. Each band represented a
discrete chain length and each subunit type had a characteristic
band spacing. Migration of oligouronates ten sugars in length
showed a pattern reversal in the presence or absence of calcium
ions. Polyguluronate has a buckled shape and a higher charge
density, so it migrates the most rapidly in an electric field.
However, it binds calcium ions tightly and migrates the slowest
in the presence of calcium ions. This ion electrophoresis demon-
strates differential calcium binding for alternating sequences in
addition to polyguluronate. Similarly, when acid-cleaved algi-
nate fractions are precipitated with divalent cations at 1low
ionic strength, all but the shortest alternating fragments pre-
cipitate. This demonstrates ion-mediated aggregation of this
alginate subunit previously thought to be totally nongelling.
Electrophoretic analysis was used to follow the time course of
enzymatic degradation of alginate, and to examine the nature of
the products. Mannuronase and guluronase cleavage was used to
determine the size distribution of polymannuronate and polygulur-
onate sequences in alginates, since the size of these nongelling
and gelling subunits is important to the structure/function
relationship for alginates.

A very interesting finding resulted from combining ion
fractionation with enzymatic cleavage of alternating sequences.
All but the shortest alternating sequences were precipitated by
calcium ions while smeared material remained calcium-soluble. A
polyguluronate band pattern was revealed in this material by
mannuronase while complete degradation was obtained with guluro-
nase, due to one or a few mannuronate units apparently interrupt-
ing polyguluronate aggregation. This unexpected result revealed
that a significant proportion of gelling subunits are functional-
ly nongelling due to their structural organization. This nongel-
ling type of alginate sequence-organization may correspond t.o “the
,nongelling alginate ‘found in the.zygote mucilage.

g ..In conclusion,” phycocolliod"subunit“analy'sis by electropho-
:_resis -and . localization:: isr«providing_‘g formation onﬁt.heucarbohy
‘drate” structure/function *Yelationship: which%as‘previouslya ayfeei=

/
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cleaved alginate or carrageenan revealed subunit size and type on
small amounts of multiple samples. A nongelling arrangement of
alginate gelling subunits was found which ,ay be assoclated with
an embryo adhesion function. Carrageenan composition of individ-
ual plants and product mixtures was rapidly determined using
specific monoclonal antibodies on tissue and dot blots.

BEST AVAILABLE COPY



In: Tissue Printing, Tools for the ctuay of Analomy, Histochemistry and

Gene Expression. eds. R. Pont-Lezica, P. Reid, E. del Campillo and R. Taylor.

Academic Press (In press).

Immunolocalization of carrageenan components in seawzeds.

Valerie Vreeland, Mirasol Magbanual, Fraulein Cabanag2, Erwinia S. Duranl
and Hilconida Calumpong]

Department of Plant Biology, University of California, Berkeley, CA 94720.
Present addresses: Departments of 1Biology and 2Chemistry, Silliman
University, Dumaguete City 6200, the Philippines.

Carrageenans, a family of variable sulfated galactans, are the major wall
component in some red algae. These linear polymers are based on a D-
galactose disaccharide repeat with alternating _-1,3 and £-1,4 linkages.
Sulfation sites and anhydrogalactose content differ for kappa, iota, lambda
and other carrageenan types. Kappa forms firm gel gels, iota forms soft gels
and lambda is nongelling. :
Kappa- and iota-carrageenophytes farmed in the Philippines are commercial
sources of carrageenan for food and other industrial applications. The farmed
plants reproduce vegetatively (Azanza-Corrales and Dawes 1989). They also
te to produce wild plants (Doty 1985, 1987; Azanza-Corrales 1990),
_induding possible hybrids which could contaminate commerdial stock and
cause the decrease in carrageenan gel strength recently observed (Azanza-
Corrales 1990) when included with farmed plants by subsistence farmers.
Tissue printing can be used to screen potential seed stock on reef platforms in
1-2 hours. Carrageenans bind to quaternary amino groups on positively
charged nylon membranes for immunolabeling of tissue prints. We prepared
monodonal antibodies as molecular markers for carrageenan types, and
immunofluorescence showed differential extracellular localization of -
carrageenan antigens in Kappaphycus (Vreeland et al. 1988; Vreeland et al.
submitted). The anti-carrageenan monodonal antibodies are mostly IgM, like
many anti-carbohydrate antibodies. Second antibodies to the light chain of
the monoclonal antibedy (a kappa light chain in most cases) gives much
stronger labeling than anti-mu heavy chain (V. Vreeland and X. L. Wang, in
preparation).
Tissue printing of farmed kappa- and iota-carrageenophytes followed by
labeling with monodonal antibodies to carrageenan clearly differentiates the
two kinds of commercdial stock. Tissue printing is being used to identify
individual plants with pure or mixed carrageenan types.

1. Materials

1. Biodyne B nylon membrane (Pall BNAZF3R), 0.2 uM pore size.
2. 1% ovalbumin (Sigma grade 2) in 50 mM Tris, pH 7.5 and 0.12% sodium

azide. Centrifuge at 12,000 g and store aliquoted at -200C.



3. Wash solution: 200 mM NaCl and 10 mM CaCl adjusted to pH 7.0 with
NaOH.

4. Anti-carrageenan monoclonal antibodies in hybridoma culture medium
(Vreeland et al. 1988, and Vreeland et al. submitted). Hybridoma medium
contains Iscove’s Modified Dulbecco's Eagles Medium with 20% fetal or
newborn bovine serum. )

5. Alkaline phosphatase-conjugated goat anti-mouse antibody (kappa chain
specific; Southern Biotechnology, distributed by Fischer) is used as the second
antibody.

6. Alkaline phosphatase substrates: 5-bromo-4-chloro-3-indoyl phosphate, p-
toluidine salt (BCTP) and nitroblue tetrazolium, (NBT) grade 3 (Sigma). BCIP
stock solution: 4 mg/m! BCIP in 1:2 acetonexmethanol, stored at -200C. Note:
if a precipitate forms in the stock solution, it can be dissolved by briefly
warming. If its activity is low or a dark bluish background results, the
predipitated stock should be discarded.

7. Substrate buffer: 200 mM Tris and 4 mM MgClj at pH 9.5. (24.2 g Trizma

base + 810 mg McCly-H30, diluted to 11 with distilled water.)

8. Substrate solution: 0.75 ml of BCIP stock solution and 5 mg of NBT are
added to 50 ml of substrate buffer immediately before use. The substrate
solution can be stored in the dark, preferably in the refrigerator, for re-use on
the same day. It should be discarded when a blue/purple precipitate forms.
Jm1

2. Plant material

Kappaphycus alvarezii = Eucheuma alvarezii Doty (produces kappa
carrageenan; commercial name is E. cottonii) and Eucheuma denticulatum
(Burman) Collins et Hervey (produces iota carrageenan; commercial name is
E. spinosum) from commerdal seaweed farms in the Philippines. Fresh,
frozen, dried or formalin-fixed plants may be used for printing. Fresh plants
give the sharpest prints. Dried plants are washed briefly in tap water, and
then rehydrated for 30 min in 500 mM KCl + 50 mM CaCly prior to printing.

3. Procedure

1. Cut Biotrans B membrane with scissors to the minimum necessary size.
Identify membrane by pendil notation in a corner. Use fine forceps and vinyl
gloves to handle membranes. Place a piece of whatman #1 filter paper under
the membrane. :
2. Cut tissue on a polyethylene or other stiff plastic sheet 1-2 mm thick with a
clean, sharp single-edge razor blade. Transfer tissue to the membrane with
fine forceps, taking care not to move the tissue after first contact with the
membrane. Finger-press the tissue firmly for 30-60 seconds (with a clean
glove), and then remove the tissue with forceps. Air-dry the print.



3. Block the membrane by incubation for 15 minutes in ovalbumin with
gentle agitation on a rotary shaker. Rinse briefly in wash solution. Blot
excess liquid from the edge of the membrane onto paper towel.

4. Place the damp membrane (print side up) on a dry plastic surface in a small
covered container to prevent evaporation. A 6-well tissue culture plate is
convenient for multiple antibody incubations. Incubate the membrane in a
minimal volume (25-50 pl/cm2) of monoclonal antibody for 15 min. The
hybridoma supernatant is transferred with a sterile, disposable pipet tip to
avoid contamination of the antibody supply.

5. Wash the membrane briefly and then transfer it fo a larger volume of fresh
wash solution. Gently agitate it for 4-5 minutes. Remove excess liquid from
the membrane.

6. Dilute the second antibody 1,000-fold into hybridoma medium. Cover the -
damp membrane with diluted second antibody and incubate 15 min.

7. Wash as in step 5. '

8. Several membranes are incubated in the substrate solution for 5-30

minutes with gentle agitation until the background darkens.

9. Stop color development by a brief wash in distilled water. The results
should not be analyzed until the print is dry, since the background lightens
upon drying and wall impressions appear dark until completely dry.

10. Photograph BCIP/NBT-stained tissue prints on Technical Pan film (#2415,
Estar Base, Kodak) at ASA 125-160 and develop in HC-110 developer (Kodak),
dilution B for 8.5 min at 22-23° C for high contrast.

dm1

Figure Legends :
L Comparison of cross sections of a brown kappa-produding plant (a,d), a

brown iota-producing plant (bse) and a brownish-green apparent hybrid plant
(¢f) with two anti-carrageenan antibodies, 26-3G1-1C4 to lambda carrageenan
(a-0) and 26-6A11-2A4 to kappa carrageenan (d-f). The hybrid plant had the
branching morphalogy of a kappa-producing plant but also had a few short
Spin s on the main axis, similar to the numerous spines on jota-producing
plants. Plants were collected at the FMC scaweed farm at Tindog beach, Cebu,
the Philippines, with identification by Rubin Barraca of FMC. Prints were
made from fresh plants on the day of harvest, air-dried and labeled several
weeks later in Berkeley. Scale bar is 1 mm.

2 Antibody 26-6A11-2A4 10 kappa carrageenan labels intracellular
carageenan (arrowheads) inside some large (0.2-1.0 mm diameter) medullary
cells in a formaldehyde-fixed, large-diameter green kappa-producing plant
from Tindog beach.  Scale bar is 1 mm. Immunogold ultrastructural
localization had revealed intracellular synthesis of carrageenan components
on embedded sections of a red alga (Gretz et al. 1990)
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INTRACELLULAR AND CELL WALL DISTRIBUTION OF CARRAGEENAN EPITOPES
IN KAPPAPHYCUS (RHODOPHYTA) DURING TISSUE DEVELGPMENT!
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: ABSTRACT
Carrageenan, Mcw cell wall carbohydrate of cer-
tain red algae, is vari in structure and gelling prop-
erties. Sequence types include gelling (kappa and iota) and
nnngelling (lambda) types in addition lo precursors, often
in hybrid molecules containing more than one precuysor
and /or sequence type. Molecular markers to subunits were
needed to study carrageenan synthesis, cell wall organi-
ation, and the relationship between structure and func-
tion. Monoclonal antibodies were produced to carrageen-
an, and their specificities were determined by competitive
immu Antibodies were identified with spec-
ificities related to kappa, iota, and lambda carrageenan.
The patterns of immunofluorescence localization on Kap-
paphycus alvarezii = Eucheuma alvarezii var. tam-
balang (Doty) sections were distinctive for each antibody.
The antibody to a kappa-related epitope labeled mature
tissue strongly; antibodies to an iota-related epilope and
a lambda-related epitrpe labeled weakly, consistent with
the kappa-enriched carrageenan produced by this alga.
Kappa-rclatec epitopes were distributed throughout the
wall and matrix, whereas iota-related epitopes were con-
centrated in the middle lamella. Lambda-related epilopes
were localized primarily at the plant cuticle where kappa
and iota antigens were lacking. An antibody appeared to
be specific for a precursor of the gelling subunits because
it showed maximal wall and intracellular labeling at the
youngest developmental stage. All antibodies labeled in-
tracellular indusions in the transition 1one between the
epidermis and medulls during the development of med-
ullary cells from the peripheral merister in young branch-
es. The results demonstrate the intracellular synthesis of
ﬁ:pa related to all major carrageenan subunits and
ir differential extracellular distribution.
Key index words: - cell woll; entyme immunsassay, Eu-
- cheuma alvarezii var. tambalang; immunofiuorescence;
iota carrageenan; kappa car ageenan; Kappaphycus al-
varezii; lambda carrageeman; localization; monodonal
antibodies; Rhodophyta

. . Little is known about the distribution of different
types of carra within a red algal thallus, and
less is known about biosynthesis and modification of
carrageenan molecules during growth and devel-

opment of algae. The in sifu synthesis and
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buticn of carrageenan types was investigated in Kap-
paphycus alvarerii Doty = Eucheuma alvarezii var.
tambalang Doty (Doty 1988), a major commercial
source for kappa carrageenan (Santps 1989). Anti-
sera to carrageenans played an instrumental role in
che discovery of the biochemical alternation of car-
rageenan type associated with ploidy level in the
Gigartinaceae and Phyllophoraceae (Gordon-Mills
and McCandless 1975, McCandless et al. 1981). Mo-
lecular markers such as polyclonal antibodies (Vree-
land 1970, 1972, Gordon-Mills and McCandless
1975, DiNinno and McCandless 1978), monoclonal
antibodies (Vreeland et al. 1984, 1987, 1988, 1989,
Larsen et al. 1985, Vreeland and Laetsch 1985,
1988), and hybridization probes (Vreeland et al.
1987,. Zablackis et al. 1988, 1991, Vrecland and
Laetsch 1989) have been prepared for marine algal
cell wall carbohydrate subunits.

The processes of sexual and vegetative reproduc-
tion in Kappaphycus and Eucheuma are poorly un-
derstood. During rapid vegetative growth of farmed
Kappaphycus alvarezii var. tambalang (Doty 1985),
thallus mass increases by tip elongation, thickening
of the roughly cylindrical thallus, and branching.
However, the anatomical details of Kappaphycus re-
main largely undefined (Doty 1987). Regeneration
of thallus cuttings (Azanza-Corrales and Dawes 1989)
is the basis of commercial Kappaphycus growth. De-
tails of sexual reproduction are poorly understood
in Kappaphycus (Azanza-Corrales 1990), although
diploid sporelings have been reported (Doty 1987)
and very small piants are found attached to substrata
in the native habitat (Doty 1985). Kappaphycus con-
tains three types of tissues (Doty 1985, Doty and
Norris 1985). Vegetative morphology and produc-
tion of cell files in an.iota carrageenan-producing
Eucheuma species was described by Gabrielson (1983). .
Radially elongate cortical or epidermal cells at the
thallus surface surround 2 medulla of enlargsd

herical cells, and, in younger branches (up to 2

ew centimeters in length), 2 medullary core of
smaller-diameter cells is present. Thallus morphol-
ogy and tissuc organization vary and can change in
appearance during preservation (Doty 1988).

The backbone of an consists of a disac-
charide repeat of ose units having alternat-
ing 1,3- and !,4linkages. Major sequence types in-.
clude three types of repeating units (Bellion et al. .
1982, Greer and Yaphe 1984), which vary in sul-.
fation site and sulfation content'as'well as .in-the;-

presence of 3,6-anhydrogalactose’ (F‘,g.:..!).-.. Kappa™"
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carrageenan has a 4-sulfate on the 1,3-linked galac-
tose, and the 1,4-linked sugar is anhydrogalactose.
Tota is similar to kappa but also contins a 2-sulfate
on the anhydregalactose unit. Lambda lacks anhy-
drogalactose and contains sulfate at up to three sites.
The precursor to kappa carrageenan is mu carra-
geenan, in which the 3,6-anhydrogalactose unit is
replaced by a galactose 6-sulfate unit. Carrageenan
lation is an important aspect of cell wall structure,
and the gelling properties of carrageenan are relat-
«d to composition of disaccharide types. Low sulfate
and high 5,6—anhydro§zlactosc are correlated with
high gel strengths (Glicksman 1983). Both kappa
and iota sequences contain anhydrogalactose in the
disaccharide repeat and form gels; kappa gelation
occurs optimally with potassium ions (as measured
by gel strength) and forms a stiff gel, whereas op-
timum iota carrageenan gelation occurs in the pres-
ence of aldum and magnesium ions, forming soft
elastic gels (Smidsred and Grasdzlen 1984). Lambda
and 6-sulfated precursor carrageenans lack anhy-
and do not form gels. Some precursor
disaccharides remain in kappa and iota molecules
and can be converted to anhydrogalactose by alka-
line treatment, with a concomitant increase in gel
strength (Glicksman 1983).

Carrageenan is highly variable in structure, and
preparations are not homoger.cous. For example,
so-called kappa or iota carrageenans usually contain
kappa/iota hybrid molecules (Bellion et al. 1982).
Precursor units and other sequences and modifica-
tions can also be present in the carrageenan mole-
cules. This heterogeneity has caused difficulties in
studies of carrageenan molecular organization, bio-
synthesis, and in situ distribution. It is also a2 major
consideration in evaluating possible carrageenan
structures or epitopes recognized by antibodies. An-

tibody recognition is based on antigen shape and
charge properties. The uncharged anhydrogalac-
tose unit and resulting helical shape may be involved
in epitopes for the gelling subunits (kappa and iota).
In addition, the 4-sulfate of kappa and iota and/or
. the 2-sulfate of iota could be involved, as could the
6-sulfates on lambda and precursors. Sulfate grou

are negatively charged and bulky. Sulfates at spcaE::
sites could either aid or hinder antibody binding,
depending on the cpitope. Epitopes can be up to
seven sugars in length and can contain repeats of
. For example, an antibody could
recognize one kappa disaccharide plus an iota di-
saccharide, or 2 kappa disaccharide plus a precursor
disaccharide in a certain sequence.

In this study, monoclonal antibodies were pre-
. pared o , characterized by competitive
immunoassay, and employed as molecular markers
" for evaluation of carra epitope distribution
and changes oc}nring fomrn’on in vegetative re-
production of Ka 1S, i acoount
of part of this mpﬁﬁfbcm published (Vreeland |
et al. 1988). The vegetative tip was examined over
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CARRAGEENAN
NaOy
Kappa
NaOy
lota
204 a0
fa Lambda
NaO3

a(t-3-D galactose g (1—4)-D—galactose

Fic. 1. The theoretical repeating structures of kappa, ioty,
and ambda carrageenan disaccharides differ in sulfation sitesand
content. The anhydrogatactose in kappa and jota is associated
with gel formation. .

a range of diameters, corresponding to increased
tissue age and development with distance from the
tip. The largest diameter studied was 4.6 mm, al-
though thallus diameters of 2.5 cm occur commonly
in older tissue (Doty 1985).

MATERIALS AND METHODS

Carrageenan samples. Alkali-modified kappa (B375) and jota
(B6700) carrageenans and lambda arrageenans (E389759 and
from diploid Chondrus crispus hacking reproductive structures)
were obtained from the Marine Colloids Division of FMC, lnc.
(Rockhand, Maine 04841-2996). Enzymatically prepared camra-
geenan oli ides (8-ncocarrabiose, neocarrabiose 4tsul-
fate, ncocarmatetracse 4'.4'disulfate, and neocarratetraoce 4'
sulfate) were purchased from Sigma (St. Louid, Missouri). Kappa
and jota carrageenans were precipitated in 335 mM KCl (o sep-
arate them from lambda carrageenan.

Short-chain and jota cammageenans were prepared by
mil(lacidhydzdyﬁsoﬁhehighmolcwhrnightmmwthl
2 from Marine Colloids. Cz was dissolved

' in delonized watcr (0.67% w/v), sdjusted 1o pH 2 with 130 mM

HCL, and heated for 30 min in an 30° C water bath. Fragments

. were neutralized to pH 7 and recovered by precipitation is 2

volumes of 85% isopropanol, washed with 5% isopropanod, and
dried overnight at 60° C. The short-chain kappa and iota car
rageunnpmpmuiommdedgmted“dtmhppa“and‘m
jota,” respectively, and the high molecular weight commercial
“loag kappa™ and “loag fota,™ respectively. .
Carbon, nitrogen, and sulfate contents of

were determined by the Microchemical Analysis Laboratory (Cot-
lege of Chemistry, University of Califomia, Berkeley) to deter-
mine the level of sulfation and the presence of protein. Suffate
and nitrogen coatents were calculated refative to carboa contest
of carrageenin. No nitrogen was found in the kappa or jota
carrageenans. Protein content (akubited 25 15% nitrogen) was
246 for the ciude loag hmbda carrageenan and 9% for the diploid!
Chondrus ambda carrageeman.
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Taste 1. Sulfate and anhydrogalactose content of Aigh molecular
weight (long) and acdfragmented (short) carrageeman samples. Theo-
retical values (ideal) and measured values caleulated as disaccharide
conlenl.

]

Sulfne Ashydrogalaciose
ldaal Mceasered Wl Measured
Long kappa 1 .14 1 0.97
Shert kappa 1 08 1 0.90
Long iota 2 1.7 1 0.70
Short jota 2 1.6 1 0.7%
Short lambda 3 1.8 0 0.22
Diploid hmbda 3 2.2 0 0.02

* This measurement is for long lambda.

Anhydrogalactose content was estimated according to the
method of Yaphe and Arsenault (1965) with correction for the
presence of 10% water. Sulfate and anhydrogalactose contents
of the arrageenan samples are given in Table 1. The kappa
contained more sulfate than expected. If this sulfate were due o
jota subunits, the lon; kappa would contin abou. 15% iota sub-
units. Pyruvate content was estimated according to the method
of Duckworth and Yz phe (1970) because pyruvate has been found
in some armageenzns. No pyruvate was detected in the KCl
predipiated long kappa carrageenan sample, which was used as
the standard solid-phase antigen in the enzyme immunoassay.

Infrared spectroscopy of the high molecular weight kappa and
joa samples confirmed the predominant subunii type of these
samples and revealed a minor 2-sulfate peak due to jota subunits
in the kappa preparation (Zablackis et al. 1988). This iota con-
taminant was also seen by electrophoresis afier kappa carrageen-
ase treatment (Vreeland and Zablackis, unpubl.). Infrared spec-
troscopy was carvied out according to the method of Santos and
Doty (1975). The specira of partially hydrolyzed kappa and iota
arrageenans showed typical peaks at 1240, 930, and 845 an™
representing the S-O stretching vibration, the 8,6-anhydrogatac-
tose, and the 4-sulfate of the 1,3-linked galactose unit, respec-
tively. The iota specrum had an addivonal peak at 805 cm™
representing the 2sulfate of the 3,6-anhydrogalaciose residue.

Hybridoma preparation. Three strains of mice were immunized
with carrageenan due to the variable and limited immunorespon-
siveness of mice to arbot.pdrate antigens. Immunization was
arried out at the Naval Bicscienoes Laboratory (Oakland, Cal-
fornia) with the advice and assistance of Dr. Alexander Kan-.
The mouse stocks used in this study are now maintained by Dr.
Karu at the College of Nawral Resources Hybridoma Frility
(University of California, Berkeicy)- Two mice each of Balb/C,
B10/Q, and Biomi high-immunoresponse (Bioezi et al. 1973)
strains were immunized intradermally at multiple sites on the
back with about 100 xg of carrageenan. The immunizing antigen
for the first three doses was 2 mg-mL-* of short kappa carra-
geenan in 50 mM KQl, mixéd with 2n equal volume of aqueows
methytated-BSA (Sigma). MPL+TDM emulsion (Ribi .muno-
chem Research, Inc., Hamilton, Montana) was used 23 adjuvani.
The Ribi adjuvant was reconstitsted in half the nocommended
volume and mixed with an equil volume of the arrageenan
solution to form sn emulsion. For the fourth and ffth doses
daring the stcond moath, long kappa and short kzppa were used
in equal proportions. A finz] booster was given 4 days prior to
wsed for Fusion 26, which produced all of the antibodies described
in this paper, was a fesule Biozzi, 10 months cld.

Monodonal antibodics were

sera were screened for hybridomas

’ anti-carrageenar
- amtibo.Sies by indirect immunofiuorescence of cell walls in meth-- ™

by a modifi stioa of the .
method of Virceland etal. (1984) for antibodics toalginate. Mouse,

was P3X63-AG8.653. Macrophage-conditioned medium from the
J774A.1 macrophage strain (Sugasawara et al. 1985) was used to
support the growth of isolated hybridoma cells immediately after
fusion and after cloning by limiting dilution so that less than 10%
of the weils had cell growth. About five dozen cultures (6% of
total cultures) from Fusion 26 with spleen cefls from a single
mouse were positive for carrageenan during preliminary screen-
ing by enzyme immunoassay. Eighteen hybridomas were e=lected
by their rong indirect immunofuorescent kabeling oa c:1l walls.
Eight of these hybridomas (Tsble 2) were suocessfully cubtured.
They were classtyped by immunofluorescence with fluorescein-
conjugated anti-subciass antibodies (Southern Biotechnology As-
sociates, Birmingham, Alabama) on the surface of hybridoma
cells. All antibodies were IgM with kappa Eght chains, except
antibody 3G1, which appears to be. 1gG, with a kappa light chain.

Tissue preparation. Kappaphyous alvarezii was grown in the lab-
oratory under a 12:12 h LD photoperiod in % strength modified
PES medium (no vitamins or Tris) at 25° C. Thallus pieces were
removed from culture and fixed in 2% formaldchyde and 2%
glutaraldehyde in scawater for 1 h at 4° C. The pieces were ant
into <1-mm-thick sections and fixed for an additional 12 h a2 4°
C. Fuative was removed by two 20-min rinses in scawazer at 4°
C. Tissue was postfixed in 2% osmium tetroxide in scawater at
4° C overnight and washed twice for 20 min each in scawater.
Dehydration was carried out at room temperature in a seawater
to 50% cthanol series and then in a 50% ethanol with delonized
water to 100% ethanol series, to prevent salt precipitation. Each
dehydration step was 1 h. Tissue was infiltrated with LR White
soft resin or LKB JB-4 resin in 10% steps for 3 h each and

ymerized at 60° C overnight. Sections were cut 24 gm thick
oa a Sorvall |B4 microtome.

Retention of soluble carbol.ydrates was increased by postfixing
sections with the photoactive fixative 1,3,5-triazido-2.4,6-trini-
wobenzene (TTB; Polysciences, Warrington, Pennsylvania) ac-
cording to Vrectand et al. (1989). Sections were treated with 5
mg-mL~ TTB in methanol for 15 min under UV Lght, rinsed
with methanol, and air-dried. Sections wcre then incubated for
30 minin 50 mM EDTA at ambient tem and rinsed twice
with 50 mM EDTA prior to incubation with 200 mM KClor 100
mM NaQ for 30 min and rinsing with the same salt solution.

Immunofluorescence. Mouse sera were screened for antibodies
that hbeled cell watls on sections of Kappephyus. Hybridoma
culture medium containing a monoclonal amibody was
onthe sections for 15 min and sequentially rinsed with
the same salt solution and the culture medium. Sections were
incubated with mouse serum or mouse serum diluted 1:100 with
medium for 60 min. Sections were rinsed and incubated with
goxt anti-mouse immunoglobulin (ight and heavy chaint) anti-
body (Antibodics Incorporated, Davis, Cakfornia) dituted 1:100
in medium for 30 min and rinsed. Sections were covered with
the antioxidant p-phenylencdiamine (PPD; 25 mg dissolved in
2.5 mL 50 mM Tris buffer pH 8.6 and mixed with 22.5 mL
glycerol) nocording to Vrechand et al. (1984). Sera from mice
immunized for 1 20d 2 months were tested for immunofivores-
cent labeling of axfl walls in K. alvarezii sections. Preimmusization
B10/Q antisera kbeled the walls weakly. After the scocad svoath
ot immuniration, sera from the two Biozzi mice hbeled walls

mougly.TbeBlO/thbelequdaudymdthehb/C
sera habeled weakly. -
Immunofivorescent with cloned antibodies was mod-

ified from the preceding procedure for mouse sera. Kappephycrs
alvarerii sections were not with EDTA, sak, or hy-
.bridoma mediam. Twenty microliters of the monocional anti-

: body ja hybridoma medium wer= incubsted oa sections for 20

_ min, Sectioes were washed bricily ta 150 M NaCl plus 5 M
" CaCiy 2t pH 7. and the suoond jy lncebation'was 15 mia.
“1 After sections were mount2d in Mowiol mountant (Hei-

acrylate sections of Keppophyeus. The myeloma parént ocll Iine'-'f-‘“"-mMT&M:IWQMM’WW ol
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late (Giloh and Sedat 1982). Antibody clones used for immu-
nofluorescence i waeSGl-lCl.4Dl2-lAl2,Q|-z%(.
7C2-3D5, 7E4-3E9, and 7H6-3D12. Antibody 5HI2 ‘was
available for labeling due o cstremely slow growth of the hy-
bridoma clone at that time.

Enzyme immunoassay. Initial scrvening of hybridoma superna-
ants was carried out by #mmunoassay as described by
Larsen o« al. (1985). The method was tesied prior to anti-car-
rageeman antibody production with anti-agar menoclonal anti-
bodics (thnd and Lactsch 1985), which cross-reacted with
arrageenan in this assay. Long Imppa carrageenan was coated
directly on the microtiter plate. A monoclonal antibody was in-
cubated on the phate and detected by goat anti-mouse immunc-
globulin (gamma and Eight chain specific), conjugated to alkaline
phosphatase (affinity purified; Tago, Burlingame, California). The
substrate for alkzline phosplatase,
phzte (Sigma 104 alkaline phosphatase substrate tablets; Sigma
Chemical Co., St. Louis, Missouri), was d*ssolved in | M diethanol-

amine-HCl buffer, pH 9.8, coataining 0.05 mM MgCl,and 0.02% -

sodium nride. The reaction was stopped by addition of 100 pl.
onoo'ﬁ cine in water (Brauner and Fridlender 1981).
mﬁaymundiedmtha competitive immuno-
asnay modified from the preceding screening procedure:
Preparation of Plates: Casein, a milk protein that binds car-
rageeman (Hansen 1968, Towler 1975), was firt coated on mi-
crotiter plates to increase carrageenan binding. This protein pre-
ooating step also efiminated the need to block remaining protein
bindag sites oa the plate. Cascin was dissolved by addition of
KOH to pH 11-12 with stirving, and then HCl was slowly added
1o pH 8-9. A 1% cxcin stock solution was stored at —20° C.
Immulon 2 microtiter plates (Dynatech Laboratories, Alexan-
dria, Virginia) were coaied with 2 0.5% solution of casein (Cal-
biochem-Behring Corporatioa, La Jolla, California). Enzyme im-
munoainay reagents were aded (100 gL per well) and washed
(200 sL per well) in 50 mM KC1 plus 5 mM C2Cl, at pH 7 (salt
solution). All incubations were 2t ambient temperature for 1 h.
Aqucous 1 mg-mL~* carrageenan stock solutions were stored at
~20° C and diluted in salt solution |mmcd'mc|y before use. Long
k2ppa was the standard sofid-phaic antigen in order to climinate
any variation due to differences in binding by arrageenan iypes
and sizes to casein. Cascin-precoated plates were washed three
times and incubated with 20 gg-mL"! of long kappa carrageenan
for cither 1 h at ambient temperature or for up to | week at 4°
C. Phates were then washed three times with salt solution.
AmbodyCanpcddomA-ooodomluuibody.mwlwrcmc-
divm from an overgrown culture, was diluted into
the sakt sclution. The appropriate ditution was deter-
mined in preliminary cxpcrna:uud\chnqbcndiluuonm
maximal O.D. response. The was ‘ncubated with a sol-
uble carrageenan sample, and then the monodonal antibody-
aamgeenan solution was tacsbeted on the carmageenan-coated
and incubated with a 1:1600 dilution of alkaline
conjugated second . It was nocessary to diluie the second
mbodynlhehyb:ﬂomne&m(hcovesmcdiﬁedbu!bewos
medium with amd 25 ;M HEPES buffer (GIBOO
Laboratories, Grand Istand, New York) containing 20% newbom
clf serum (Irvine Scientific, Santa Ana, California) to prevent
high background with somc antibodics. The plate was washed
mumamdbmbned-mmmonmmmd
by 1-cysteine a3’ earlier. The routine control was omis-
sion of the hybridoma antibody, and the positive control was the
hybridoma antibody with mo oumpetitor. Enzyme immunoasssy
mmkhdqmwmnhmmhwﬂgumup-
mmwmmum
oontrols due to their differess. : .

% of Control 0.0. {410 nM)
g
]

disodium p-nitrophenyl phos-
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Fic. 2. ical enzyme immunoassay com curves. A)

lnhibition antibody 6A11-2A4 by in kappa am-

geenan, showing standard deviations for qu:drupliau samples.
B) Comparative inhibition of antibody 10AS5 by long- and short-
chain kappa and jota carrageenan and by lambda carrageenan.

purification and their partially acid-hydrolysed short fragments.
Four or six dion curves with constant ar-ihody concen-
tration and two- or threefold comr i o dilution series were
compared in a typical experimer-. bonghpacnngeunnm
the standard competitor for comparative purpu:~s. {*ompetition
was compared by alaulating the amount of each sample needed
to reduce the positive controt reactica by 509, /.l data poins
were obained from the average of wells. Ina typ-
the positive control was about 1.4-1.6 O.D.

units and the background wasabout 0.10-0.15 units. Calculation
of standard deviationt, antigen quantities for 50% competition,
and graphing of data were aarried ont on computerized work-
sheets written by Carl V. Hanson. A competition curve curve showing
standard deviations of four replicates is shown in Figure

"2A and resuks of a typical competition immunoassay experiment
are shown graphiaally in Figure 2B.

. RESULTS

Antigen competition of monodonal antibodies. One
mouse, immunized with a crude preparation of kap-
gmecmn,produocdanﬁbodxamthbmdmg

preferentially by either
da, or other carrageenan ep” “pes (Table 2). Each

antibody had a characteristic munoassay compe-
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Taste 2. Antibody speaficities by

reduction of antibody binding 1o kappa carrageenar, compared with ¢ talue

antigen needed in -icro‘-mmper-xroaurﬂakwllﬁrmaupmh'oubytbkumﬂﬁbr/ndaanﬁuy,d&nbn‘hm(t). lon‘wl{

() or long lemdda (A)

Astibody g/l Lang Lapps Long ioca L ombda Short kappa Short joa
6A11-2A4 W) 1 50 60 >9 >9
5HI? 0.08 () 1 3.6 600 L6 88
7E4-3E9 06 (9 1 23 >33 8.7 >33
10AS 1 @ 1 16 69 18 8.6
7C2 0.08 () 1 1.7 233 s8 1296 -
7H6-3DI12 03 () 1 1.1 16 ? 16.1
4DI2-1A12 0.4 @) 29 1 1.9 >345 9
SG1 0.4 Q) 11.9 2.3 I 153 ’ 4.9
3G1 + DL* 109 39 1 _

* Diploid Chendrus lambda was used both to coat the plate (instead of long kappa) and as inhibitor,

tition pattern with samples representing different
carrageenan types (Table 2). The patterns were con-
sistent in multiple experiments. The amount of the
best competitor needed to produce a 50% reduction
was 0.03-1.1 ug per well in control binding for each
antibody (Table 2). It should be remembered that
the epitope recognized by a particular antibody may
differ at least in part from the nominal sequence
type used as competitor.

Antibody 6A11 binding was preferentially com-
peted by a kappa-associated cpitope (Table 2). It is
unique in its strong preference for kappa over iota
subunits. Because the primary difference between
kappa and iota cQrrageenan is the sulfate group on
Qrbon-2 of the 1-4-linked anhy lactose unit
(Fig. 1), the 2-sulfate may interfere with binding.
Although bindin by this antibody was competed
slightly more by siort kappa than by short jota car-
:gccnan fragments, 50% competition was not

ieved even at high competitor concentrations.
Acid hydrolysis during preparation of short carra.
gecnan fragments may have modified an important
aspect of tha 6A11 epi although acid-hydro-
lyzed iragments were u:gﬁfd-cd in the immunizing
preparation. Antibody 6A11 binding was not com-

peted by beta carrageenan, the ed backbone

olhppaamEcmn.sodchIfatcmdteS-linked
galactose may an important of the epitope.
Kappa carmageenan was ako b&ool\n?eu'wr
for bunding by antibodies 5H12, 7E4, 10A5, 7C2,
and7H6('l‘abi‘c2).andhmbdzmrragcemnma
pooroompedwr.lnconmwandbodyﬁ.&ll.tluc
anu'bodiesm-cmmpewdalmoaasweﬂbyionu
sz 4 crmgeenan. Ther«{ore, the epi for
i gmupofmn'bodiamrdawdwe{:::‘md
iota carrageenan, the gelling subunits. They were
Oompqwdmorebylonghppamolecnlstlunshon
kappa and more by short than
short iota fragments. Antibody SH12 bi had
or carrageenan
rageenai, and 7C2 was more than 200 times
for kappa than lambda. Competition of antibody

binding for 5H12, 10A5, and 7H6 by short carra-
geenan chains was nearly as great as that by the
longer molecules. These three antibodies may have
relatively short internal cpitopes, because an in-
crease in the proportion of chain ends had little
effect, or helical conformation may not be involved
in antibody recognition. Each of this group of five
antibodies differs in the degree of competition of
binding by lambda Qrrageenan, short fragments,
and immunofluorescence localization patterns (sce
later).

Antibody 4D12 binding was unique in exhibiting
greatest competition by iota carrageenan (Table 2).

ples. The sulfate on carbon-2 of anhydrogalactose
may be important for binding by antibody 4D12, in
contrast to antibody 6A11.

Antibody 3G1 was the only anti ﬁfor which
the best i

nitude preference for lambda over carra-
gecnangySGl was increased almost er order
of magnitude when both the p ting antigen

the competitor were diploid lambda carrageen-
an('l‘ablcz).Noprotcinwasdctectcdinthcim-
i though the diploid lambda car-

'&fmm P tion had a protein contaminant. .
er posm:ﬁnor componerts have not been
excluded.

Oligosaccharide competition. Preliminary competi-
i ¢ immunoassay experiments were camhcad
out with four , igosaccha-
rides (sce Materials and Smgecmnm secuo?lllsougscd as
competitors. These were (1-8)Minked dimers (neo-
crrabiose and neocarrabiose 4'sulfate) and (1-

4%, #disulfate and neocarratetraose 4%sulfate). No
‘o % oom;hetmo i  was seen for binding of
ant 6All, 10AS5, or 3GI1 at 20 mM. This -

corresponds to 7000 times the amount needed for



BEST AVAILABLE COPY

50% competition by long kappa for 6A11 and 10A5
binding, and 20,000 times the amount needed for
3G1 competition by diploid lambda carrageenan,
Antibodies 7E4 and 7H6 were inhibited weakly only
by the disulfated, kappa-type tetrasaccharide, A
maximum of 10-15% competition was observed for
antibody 7H6-3D12 binding at 2 mM of the disul-
fated tetrasaccharide. Binding of antibody 7H6-3B7
(a sister clone identical to ant; y 7H6-3D12 bind-
ing by immunofluorescence pattern) was competed
50% by 1.5 mM of disulfated tetrasaccharide. The
concentration of this tetrasaccharide needed for 50%
competition was about 7000 times the amount need-
ed for long kappa with this antibody. Similarly, an-
tibody 7E4-3E4 binding was competed 50% by 0.64
mM of ihie disulfated tetrasaccharide, correspond-
ing to 1500 times the value for long kappa. Rappa-
type tetrasaccharides are clearly very poor compet-
itors.

Developmental changes in Ka phycus tissues. Kap-
paph)ml? tissues at ;i stages F:)‘;'adczclopmcm from
0.27 to 4.6 mm in diameter were stained with tc-
luidine blue O for acidic carbohydrates and with
Coomassie blue for proteins. Younger tissue was
sained more intensely for both cell wall carbohy-
drate and intracellular procein (Figs. 8-10). Less-
dense acidic wall material was seen in the medulla
of the 4.6-mm secrior (Fig. 10), and little protein
staining could be seen in the inner tissues of 4.6-

mm sections. The higher concentration of addic .

groupsin the cell wall and increased protein coatent
in the younger tissues is probably related to more
rapid synthesis and growth. The cuticle stained most
intensely with toluidine blue O (Figs. 8, 5, 7, 9),
showing a high sulfate concentration at that boca-
ton.

The epidermis is com of one layer of slightl
clongat?;:l cellsuptoa mdhmctezofo.;lg:my.
The thickened outer cell wall of en; cells (i.c.
cuticle) contains layers of wall material (Figs. 3, 7,

At the next stage examined (2.6 mm diam), the
epidcrmishadinauscdwthreelaycnofmn'owcr.
more elongated cells. No further change was seen
at the 4.6-mm stage. '

- Medu cell diameter increased 2 times be-
tween the 0.27- and 0.78-mm and i
an additional 5 times between the .78-and 2.6-mm
stages (Table 3). This was a total increase of 10-fold

40 um to 460 um), with no further in~rease
in diameter at the 4.6-mm This co.
to 2 400-1000-um diameter for medullary cells re-
ported by Doty (1985). Wall thickness of m
cells also increased in these embedded sections,
though toluidine blue O staininy intensity of walls
deausedwithdmmcm. More layers of med-
ullary cells were during development, from
imately two hyers at 0.27-mm stage 10
mTo layers at the 4.6-mm stage.
The medullary core consisted of cells of smaller

Alnrmarae aeat . d3
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drical thallus.
soiios dametyy Epidermis Medulla Core
0.27 30 60 47
0381 30 66 54
0.62 30 120 150
0.78 30 180 180
2.6 110 850 350
4.6 90 1700 500

material (Figs. 3, 4). Although core cells are consid-
ered to be secondary growth (Doty 1985, Doty and
Norris 1985), they were found at the 0.27-mm stage,
very near the growing tip, where they appeared to
be dividing (Fig. 3). At this stage, a third of the
thallus diameter consisted of core tissue. Core cells
increased in size during development, although the
medullary core was still increasing in diameter at
the 4.6-mm stage (Table 3). Core tissue becomes less
distinct as core cells enlarge and take on the a
pearance of medullary cells, so that the core is lack.
ing in more mature stages of larger diameter (Doty
1985). . .

Thallus, tissue, and cell sizes were estimated by
direct microscopic measurement and by measure-
ment on negatives of equal magnification (Table 3).
Increase in the diameter of the medulla i
sible for most of the increase in thallus size. A tran-
sition zone in cell files between the epidermis and
medulla consists of spherical cells that gradually in-

layers at the 2.6- and 4.6-mm-di-
ameter stages, when the epidermis consists of about
three layers of cells. At these stages, the number of
medulh?rcellh is increasin , and the diameter
lary is 10 times than at the
cariiest stage examined. The source of the increase
in number of mcdulh‘.:z cells is clearly the dividing
inner épidermal cells, which 0a
and begin 1o 'I'hcrefmi?}, thi‘sl‘a?cm.bsa.n'&occhmge
zone appears to be the primary region of cell wall
production and modification,
changes in carrageenan axtigen distri-
bution. Immunofiuorescence localization of carra-
i was examined on Ka sec-
mﬁ wp:dy tissue development at thallus
diameters 2? 0.27 and 0.78 mm (Figs. 11-17), after

~ the switch to a multi-layer epidermis at a diameter

of 2.6 mm (Figs. 18-24), and in the more mature
thallus at 4.6 mm diameter (Fi 25-47). The pe-
ripbaalmmistanaﬁcrcgion(l-g:;s.%ﬂ).wansof
0.5-mm-diameter medullary cells (Figs. $2-39), and
tbemcdulhrym(ﬁgs.%’l)wcmstndieduthe
4.6-nm-diameter sta

lmniunoﬂuorcsccncc localization on sections of
mature Kadpadhsre thalle pnne o 1.0 . o



Fics. 3-10. Developmental changes in Kappaphyrus tisss.cs during r\.;ruti\t growth. Toluidine blue (TBO) staining of
ight

Qrrageenan
(eft column) and Coomassie brilliant blue (CBB) staining ol votein ( column). Thallus dameter: Fics. 3, 4. 0.27 mm. Fic. 5. 0.62
mm. Fic. 6.0.78 mm. Fics. 7, 8. 2.6 mm. Fics. 9, 10. 4.6 mm. Arrowheads in Figures 3, 7, and 9 indicate carrageenan lavers deposited
in caticle. Solid arrows in Figures 3, 9, and 10 show division of cpidermal cells producing branched cell files. Hollow arrow in Figure
3 shows a dividing core cell. C, anicle: E, epidermal celk: T, transition rone: M, enlarging medullary cell; MC, medullary core. Sale
hr-{SWmFigun4i|m;ni.ﬁaﬁonforﬁgums-lo. B
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Fics. 11-2¢ Imasunofiuorescence labeling by the antibodics as indicated at the thallus surface at three developmental stages. Fics.
!lblzrgrll-&nmaamimu(o.sl mm in Figs. 142 and 17a). Fics. 11b-17b. 0.78-mm-diamcter sections. Arrowheads indicate
ikraceliular babeling. Asterisks in Figures 11and 12 carmageenan in cuticle layers. Fics. 18-24. Epidermal cefls in 2.6-mm-diameter
wctions. Anerisk in Figure 20 shows initiation of arrageenan accumatation in the outermost epidermal ocll (sce inner arrowhead in
Fig. 7). Scalc bar = 43 up;\fn Figure 11b is magnifiation for Figures 11-24.

m

25-47). Each antibody labeled extracellular carra- labeling differences was examined. First, antibody

geenan with 2 unique and characteristic labeling pat- supermatants were diluted into hybridoma medium
iern. The possibility that variations in antibody con- prior to immunofluorescence. Second, supernatants
entration in hybridoma supernatants caused from subclones of the same antibody, which prob-
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Fics. 25-31. Immunofluorescence by the indicated antibodics at the thallus surface of sections 4.6 mm in diameter. Arrows show
change in wall pauern from epidermal type (thin) to medultary (pe (lavered and thicker) in the transition rone. Arrowcheads show
imraceflular accumulation of carrageenan in enfarging meduthary cells. Asterisks in Figures 25 and 26 show carragecnan is cuticle
bvers. Saale bar = 43 ﬁin Figure 26 is magnification for Figures 23-31.

n

ably conuined different antibody concentrations.
were used for immunofluorescence. The character-
istic labeling pauern of each antibody was main-
tained in both types of experiments, demonstrating
that differences in antibody concentration did not
contribute to different localization patterns. The an-
tibodies were organized into two ps according
to their immunofiuorescence ing patterns.
The first group of antibodies (3G1 and 10A5) is
distinguished by 2 combination of cuticle habeling
- and a decrease in labeling during early development

(Figs. 11, 12). These antibodies label the cuticle in-
tensely and in a layered pattern. They labeled med-
ullary cell wall and extracellular matrix regions pri-
marily in undulating lines resembling hical
maps (Figs. 33, 34). Antibody 10A5 labeling de-
creased more rapidly during development, and this
antibody labeled intraceliular material more prom-
inently, especially at the earliest of devel

ment (Figs. 11, 12). Antibody 3G1 labeled small cells
between the large medullary cells ibly thylle
cells: see Weber-van Bosse 1928; Figs. 38, 34) most

N



walls of the adjacent transition cells were labeled
(Figs. 1317, 27-31). This labeling pattern could be
explained by masking of the epitopes (n the epider-
mal wall but not the transition cell wall. Since epi-
dermal and transition cell walls are both highly sul-
fated, differential masking is unlikely. It is more
likely that carrageenan bearing these epitopes is
packaged in intracellular vesicles but not secreted
until the transition cells become differentiated from
epidermal precursor c:lls. In this case, the signal to
secrete carrageenan would be closely related to the
cell type switch. Polarized wall labeling of carra-
geenan types is seen in epidermal cells at the 4.6-
mm stage (Figs. 27-31), where lateral epidermal walls
but not the cuticle are labeled by these antibodies.

High concentrations of some of the antibodies
caused localized wall swelling, especially in younger
ussues (Figs. 11-24). The swollen arcas decreased
in size and number when antibody was diluted in
hybridoma supernatant and when sections were
postfixed prior to antibody incubation. Wall swelling
provides evidence that these antibodies bind to gelled
carrageenan and that antibody binding disrupts wall
structure.

In summary, carrageenan production in Kappa-
phycus was observed primarily in the peripheral mer-
istematic region consisting of the epidermis and
transition zone. Intracellular carrageenan antigens
appeared punctate in epidermal cells, then in larger
inclusions in transition cells, and finally filled the
apparent vacuole of partiall; enlarged medullary
cells, although no intracellular labeling was seen in
fully enlarged medullary cells of these cultured thal-
li. This progression appears to represent temporary
intracellular accurnulation of carrageenan to pro-
vide wall material needed during the 10-fold en-
largement of medullary cells. In younger tissue, gel-
ling carrageenan was produced in epidermal cells
but apparently not incorporated into the wall until
differentiation of the first transition cell. After a
transition cell was separated from the epidermal cell
by cell division, incorporation of gelling subunits
into the wall was observed (Figs. 13-17). The cell
type switch also involved a change in the type of wall
produced from the thin epidermal wall to the lay-
ered medullary wall (Fifs. 25-51). In addition to
produdng carragecnan for thalius growth, the epi-

- dermal cells produced highly sulfated carrageenan
in the cuticle by polarized secretion. Epidermal cells
at the 2.6-mm stage were ially active in car-
rageenan production (Figs. 18-24). At this stage,
increase in cuticle thickness by filling the space pre-
viously occupied by the outermost epidermal cell
with successive layers of carra was seen (Figs.
7, 20). This resulted in the thick, layered cuticle
seen at a later stage (Fig. 9). The production of
gelling carrageenan precursor was greatest in the

tissue. The concentration of kappa car-
rageenan was hi throughout development, as
expected for Kappaphycus. The anti-carrageenan an-

" da structure. Detailed ant
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tibodies did not label sections of the agar-producing
red algae, Gelidium and Graalaria.

DISCUSSION

Antibody specificity for carrageenan subunits. Com-
parison of competition and localization patterns
showed that each of the cight antibodies recognized
2 different epitope. Antibodies 3G1 (\umbda-relat-
ed) and 10A5 (precursor-related) were the only ones
to label the cuticie. The epitope for 4D12 was iota-
related. The cpitopes for six antibodies were most
closely associated with kappa and were distinguished
in other ways. Antibody 6A11 binding was compet-
ed by kappa much more than by iota, was poorly
inhibited by short fragments, and produced the
strongest extracellular labeling. Binding by antibod-
ies 5H12 and 7C2 was competed well by kappa and
iota compared to lambda, although 5H12 binding
(but not 7C2) was competed well by short fragments.
Thr.cantibodies, 10A5, 7E4,and 7H6, showed sim-
ilar competition patterns. These antibodies differed
considerably in immunofluorescence labeling pat-
terns: the 10A5 labeling pattern differed radically
from 7E4 and 7TH6, whereas the latter two antibod-
ies were distinguished by the characteristic granular
appearance of labeling by 7H6. The 10A5 epitope
may include a precursor to anhydrogalactose in gel-
ling carrageenans, because intracellular labeling by
10A5 was correlated temporally and spatially with
carrageenan production.

The nonhomogenecus nature of carrageenan
minimized the apparent degree of specificity in en-
zyme immunoassay data (Table 2). For example, with
kappa and iota samples each containing 10% of the
other type of carrageenan, differential antibody
binding of ninefold greater for one sample would
be expected for a totally specific antibody. The kap-
pa sample used in the present study contained some
iota sequences, which were detected by infrared
spectroscopy and contributed to a sulfate content
14% higher than expected (Table 1). Even with the
heterogencous samples employed, antibody 6A11
exhibited a 50-fold preference for kappa over jota.

. 'Inaddition, antibody 3G1 exhibited a 100-fold pref-

erence for lambda over kappa when the more ho-
mogencous diploid lambda was used for both solid
phase and competitor in the enzyme immunoassay.
This carra from diploid Chondrus plants nev-
ertheless contained about 2% anhydrogalactose, a
component of idealized kappa and iota but not lamb-

) ¢ y specificity studies
using well-characterized carrageenan fragments
prepared with specific carrageenases are needed for
further studies of carrageenan epitopes.

All antibodies showed greater competition by an-
tigens that had a lower proportion of chain ends to
internal sugzr units (long vs. short carrageenans;
Table 7). The differences in competition were am-
plified with short fragments as inhibitors, but (1-8)-
centered, kappa-type tetrasaccharides were .poor .-

(
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competitors. The antibodies may all recognize in-
ternalsiteson carrageenan chains. Alternatively, he-
lical conformation of carrageenan may be needed
for antibody recognition but is lacking in tetrasac-
charides and possibly a significant fraction of the
molecules in the short carrageenan preparations.
The (1-4)<entered tetrasaccharide was not avail-
able for testing but may have a more appropriate
linkage sequence for the epitopes.

All of the monoclonal antibodies labeled the car-
rageenaa in cell walls of a kappa-producing red alga.
Wall swelling due to antibody interaction was evi-
dence that antibody labeling disrupted wall orga-
nization. This contrasts to the competition of bind-
ing by anti-alginate monoclonal antibodies by steric
hindrance, due to strong iclling interactions in
brown algal cell walls (Vreeland et al. 1984). The
conformation of carrageenan polymers and their in-
teractions are highly dependent on ionic strength
and salt composition (Rochas and Rinaudo 1980,
Morris and Belton 1982, Smidsred and Grasdalen
1984). Labeling was carried out in hybridoma me-
dium. Although carrageenas is a highly sulfated
polymer that can bind to proteins by electrostatic
interactions (Glicksman 1983), no nonspecific bind-
ing was seen at the incubation conditions usedjthis

study. For example, although sulfate is concentrated
at the plant surface as shown by toluidine blue stain-
ing as well as by two antibodics, the other eight
antibodies did not label this region.

The use of antibodies with a varicty of specificities
is needed for a full characterization of carrageenan
compasition. Antibody 6A1l with kappa-related
specificity together with antibody 4D12 with iota-
related specificity might be useful for quantitative
kappa/iota content analysis. Several antibodies bind
to both kappa and iota gelling subunits and could
provide a measure of total gelling subunit content.
Antibody 3G1 detects highly sulfated nongelling
carrageenan, and antibody 10A5 labeling reflects
the amount of precurser. These antibodies do not
label agar-producing algae. Therefore, the anti-car-
rageenan antibodies distinguish which type of wall
galactan is produced by a particular red alga.

Carrageenan synthesis and modification. The results
presented here support the intracellular synthesis of
carrageenan. Discrete labeled structures were scen
within mast cell types, espedilly in epidermal and
transition cells. Intracellular iota_subunits were
identified by antibodies 4D12 and 7E4 in ultrastruc-
tural imm Id localization on growing apices of
Agardhkiella subulata (Gretz etal. 1990). Cam&c:nzn
was hbeled in Golgi vesicles as well as in cell
wall at the apical meristem. The localization of car-

subunits in intracellular inclu-

in the present study may also represent Golgi
vesicles. .

The nature of the sulfation and anhydrogalactose

roduction processes in red algal polysaccharides is

controversial. Enzymes from carrageenan-produc-
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ing plants, evidently transferases that cause cycli-
zation by removing the 6-sulfate from p-galactose
to form 3,6-anhydrogalactose, have been found in
cell-free extracts of Gigartina stellata (Lawson and
Rees 1970) and Chondrus crispus (Wong and Craigie
1978). Porphyra umbilicalis, which contains an agar-
type polymer, has a similar enzyme that removes the
6-sulfate from r-galactose with concomitant for-
mation of the 3,6-anhydrogalactose (Peat and Rees
1961, Rees 19612, b). Millard and Evans (1982)
showed the presence of sulfate in the Golgi of the
unicellular red alga, Rhodella maculata, which pro-
duces a sulfated capsular polysaccharide. They found
no evidence of extracellular sulfatase or sultotrans-
ferase in Rhodella.

In contrast, in an autoradiographic study with Eu-
cheuma nudum, LaClaire and Dawes (1976) found no
evidence for cytoplasmic incorporation of the la-
beled sulfate. Sulfate was first seen in the part of the
wall adjacent to the cell and was ultimately deposited
in the outer epidermal wall and middle lamella. This
extracellular distribution in mature tissue is similar
to the labeling patterns of antibodies 3G1 and 10.A5
in our study, where intracellular labeling was also
seen with these antibedies in epidermal cells. La-
Claire and Dawes (1976) suggested that the rapid
uptake of the label indicated sulfate addition to pre-
existing polysaccharide in the wall, although loss of
soluble intracellular carragecnan was also a possi-
bility. Extracellular sulfation would differ from re-
sults for animal cells (Young 1973) and for brown
algal cells (Evans et al. 1973, Callow and Evans 1976,
Callow et al. 1978, Brawley and Quatrano 1979),
where sulfate incorporation in Golgi vesicles was
interpreted to represent sulfation of fucan polysac-
charides. However, sulfate incorporation into car-
bohydrates in the Golgi apparatus has not been firm-
ly established for brown algae because sulfated
phenolics are produced by brown algal cells (Ragan
and Jensen 1979) in addition to sulfated fucans and
could also be sulfated in the Golgi apparatus. The
intracellular labeling by antibody 6A11, which was
not inhibited by unsulfated kappa carrageenan, sup-
ports the intracellular sulfation of kappa carrageen-
an.

As found here for Kappaphycus, a high concen-
tration of precursors is expected in
younger tissue. Tian et al. (1988) found that the
anhygrogalaaosc content of Eucheuma species in-
creases with tissue age, and Craigie and Wen (1984

_showed that there are more precursor units to the

anhydrogalactose of in younger portions of
Gmalay' %‘dnlh. Vmchndagu et ya’.i.ll(l£)92) found ac
cumulation of carrageenan epitopes within the lu-
men of large medullary cells on immunolabeled tis
sue prints of Kappaphycus sections. .

ing patterns. The di jon pattern for car.
rageenan in Kappaphycus, which was produced by
antibody 6A11, was very similar to the pattern pro

- -.'{/
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duced by another kind of n;olccul::r lrgagrlk)cr'.hr;hg
kappa gelling probe (Zablackis et al. . Anu-
body Gil 1 agng the kappa probe both labeled walls
more strongly than matrix except in the transition
zone, where wall and matrix were labeled equally.
Both also labeled strongly in young as well as older
tissue and did not label cuticle or epidermal walls.
This supports the specificity of both types of mo-
lecular markers for kappa subunits. However, the
labeling pattern of the antibody 4D12 did not con-
sistently correspond to the iota probe pattern. On
some sections of larger diameter thalli, the iota an-
tibody pattern was similar to the iota probe i its
weak labeling of medullary matrix but not waiis. On

other sections with mcre concentrated antibody, the:

walls were also labeled, and the matrix red
swollen. This difference may be explained by con-
centrated antibody contributing to iota solubility
from the matrix and the greater antibody sensitivity
enabling wall labeling. The other main difference
between the iota antibody and probe was in cutide
labeling. The probe labeled the cuticle, but th= an-
tibody only labeled incipient layers of the cuticle at
one developmental stage (Fig. 20). Another ant-
body (10A5) with possible specificity for iota pre-
cursor did label the cuticle. This difference serves
to emphasize that epitopes recognized by the and-
bodies may not correspond fully to the strictly reg-
ular structures of idealized carrageenan gelling sub-
units.

In summary, localization of carrageenan epitopes
in peripheral meristem and cnlargin§ medullary cells
showed the intracellular synthesis of carrageenan at
the vegetative apex of Kappaphycus branches. The
extracellular distributions of carrageenan epitopes
differed among cell types and revealed a cell type
switch early in the development of medullary cells
from meristematic cells.
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