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A bstract

ISOLATION AND CHARACTERIZATION OF HEMAGGLUTININS FROM NEREIS 

VIRENS : A POLYCHAETOUS ANNELID 

BY

PI-SHIANG LAI 

A d v iso r . P ro fessor  Charlo tte  S. Russell 

Coleomic fluid from Nereis v irens  w as  frac tio n a ted  into low 

m olecular w eight (LMW) and high m olecular w eight (HMW) agglutinins 

from the supernatan t and a hemagglutinin lipid e x tra c t  (CM) of the 

p a r t ic u la te  m a t te r  (mainly coelomocytes).

LMW w as  shown to  co n s is t  of four (l-IV) h e a t- se n s i t iv e  and 

Ca++/Mg++-independent g lycoprote ins w ith  spec ific  e ry th rocy te  (RBC) 

and inhibition p ro files  and MW 20, 20, 19, 2 4  kd respectively . All 

four a re  inhibited by fe tu in  (type III) i  bovine submaxillary mucin 

(BSM) > thyroglobulin (TG) > y eas t  invertase  > mannan. Hog g as tr ic  

mucin (HGM) inhibits  only LMW III and LMW IV; ovine submaxillary 

mucin (OSM) only LMW I and LMW II and des ia ly la ted  OSM (DsOSM) only
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LMW I, LMW II and LMW IV. The only monosaccharide inhibitor fo r  all 

four is  m annose-1-phosphate  (cyclohexylammonium salt) .

Imm unoelectrophoresis of LMW 1-1V shows p rec ip itin  l ines  which 

coincide w ith  a c t iv i ty  and prote in  and carbohydrate staining. LMW I 

w as shown to  be cationic , LMW II, uncharged and LMW III & IV anionic 

a t  pH 8.3. LMW p ro te c ts  mice from pro life ra tion  of Ehrlich a s c i te s  

tum or ce l ls  (EATC). LMW causes  sw elling  of EATC w ith in  tw o hours 

and ru p tu res  them a f t e r  tw o  hours. This re su l t  ind ica tes  th a t  the 

se le c t iv e  perm eability  of the  cell membrane is  destroyed by LMW.

HMW w as  shown to  be a l ip id -asso c ia ted  su lfa ted  proteoglycan. It 

is  p e r ioda te -  and p ro te a s e - re s i s ta n t  and Ca++/Mg++-independent w ith  

s trong  hem agglutination a c t iv i ty  aga inst rabb it and r a t  RBC. A ctiv ity  

aga inst r a t  RBC is  inhibited by fe tu in  (type III) > BSM > DsOSM > OSM, 

but not by a wide v a r ie ty  m onosaccharides including s ia l ic  acid. In 

im m unoelectrophoresis  (a t  pH 8.3), (a) HMW gives tw o  prec ip itin  lines  

which coincide w ith  regions of ac tiv ity , which a lso  s ta in  fo r  lipid, 

sugar and protein, (b) Heated HMW (HHMW) does not give any 

p rec ip itin  line but the  region of a c t iv i ty  is  the  sam e as  th a t  of HMW
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and s ta in s  for lipid, sugar and protein, (c) Delipidated HHMW 

(DL-HHMW) also  does not give any prec ip itin  line but the region of 

ac tiv ity  is  the same as  th a t  of HMW and s ta in s  for sugar and protein. 

HMW gives tw o  p rec ip itin  l ines  w ith  an tiserum  to  coelomic fluid but 

HHMW does not. DL-HHMW contains pro te in  (12%), hexose (30%), 

hexuronate (9%), hexosamine (8%), glycosaminoglycan (GAG, a t  leas t  

22%) and su lfa te  (7%). S ia lic  acid, N -sulfate , phosphorus and pentose 

are  absent. Hexuronic acid and hexosamine are  p resen t in equal 

amounts. With dimethylmethylene blue in guanidinium chloride, 

DL-HHMW gives a m etachrom atic  reaction. The infrared  (IR and FTIR) 

spectrum  of DL-HHMW show s a h e x o se -6 -su lfa te  e s te r  [1243 cm-1 

(su lfa te ),  813 cm_1(eq u a to ria l-6 -su lfa te ) ]  and amide [1661 cm"  ̂

(amide I) and 1536 cm -1 (amide II), p ro te in  m oiety as  w ell as  

N-acylhexosamine], These r e s u l t s  suggest th a t  DL-HHMW is  a 

glycosaminoglycan. The depolym erization enzymes, chondroitinase 

ABC, kera tanase  and heparinase II, do not change the  ac tiv ity  and GAG 

content of DL-HHMW. Either the pro te in  is p ro tec ting  GAG or th is  is a 

new c la s s  of GAG. HMW delays the growth of EATC in mice and causes
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agglu tination  of EATC in vitro.

CM is  h ea t- in sen s i t iv e ,  Ca++/Mg++-dependent and agglutinated r a t  > 

rabb it > green monkey > rhesus  monkey = human (0) = guinea pig »  

chicken RBC. Rat RBC agglutination w as inhibited by BSM > HGM i  

fe tu in  (type III). In im m unoelectrophoresis (at pH 8.3), CM does not 

give any p rec ip itin  line and the region of ac tiv ity  m ost of which 

s ta in ed  w ith  Sudan Black B extends along the length of the gel. CM 

w as  fu r th e r  frac tio n a ted  into acetone-insoluble  (Al) and ace tone-

soluble  (AS) f rac t io n s  by a c e to n e -10% MgCl2 . Mannan inhib its  AS but

not Al. The lipid m ix tu res  w ere resolved by 2D TLC on s i l ic a  and 

stud ied  w ith  group sp ec if ic  reagen ts  and IR. One of the tw o m ost

ac t iv e  sp o ts  from Al conta ins  phosphate, -NH2 , f a t ty  acid e s te r  and

vicinal-OH. It m ig ra te s  like DOPE. The vicinal-OH may be on a fa t ty  

acid s ide  chain. The o ther  spot from Al m ig ra tes  like DOPI, contains 

phosphate, vicinal-OH and long chain f a t ty  acid e s te r  and gives a 

pos itive  choline t e s t  (possibly due to  double bonds). The m ost ac tive  

spot from AS appears  to  be a long chain amide. CM re ta rd s  

p ro life ra tion  of EATC in mice. In v itro  CM causes  sw elling  of EATC
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w ith in  2  h rs  and rupturing a f te r  2 hrs.

Contradictory rep o rts  in the  l i te ra tu re  about the  hemagglutinating 

a c t iv i ty  of DOPE are  partia lly-explained. While DOPE i t s e l f  is  not an 

agglutinin, a d ry -hea ted  sam ple of DOPE is powerful one.
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PBS : phosphate buffered sa line

PBS-N3 : phosphate buffered sa line  -N3

PBS-N3-T : phosphate buffered saline-N 3- 0.001% Triton X-100

PBS-T : phosphate buffered saline-O.OOl % Triton  X-100

P E : phosphatidylethanolam ine

P S : phosphatidylserine

PV PP: polyvinylpolypyrrolidone

RBC: e ry th rocy tes

S p : sphingomyelin

TCA: tr ich lo ro ace tic  acid

TG : thyroglobulin
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TLC: th in - lay e r  chromatography

TPCK: L -l-Tosylam ide-2-phenylethylchlorom ethyl ketone 

T r i s : tris(hydroxymethyl)aminomethane 

Y l : y eas t  invertase
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INTRODUCTION

Lectins

There are numerous a c t iv i t ie s  m ediated prim arily  a t  the su rface  

taking place in the living cell. For example, in te rce llu la r  

communication, the regulation  of ce ll grow th and d iffe ren tia t ion , 

the immune response, and perhaps transform ation . These a c t iv i t ie s  

are  m ediated in p a r t ic u la r  by the carbohydrate m o ie t ie s  th a t  s tud  

the  cell surface. The recognition th a t  th is  is  so, and increasing 

understanding of the s tru c tu re  and function of the cell su rface  are  

due to  a c la s s  of p ro te in s  called  lec tin s  (1).

The term  ' lec tin  ' (Latin, leqere . to  s e le c t  o r  pick out) w as  f i r s t  

applied by Boyd and Shapleigh (1954) (2) to  seed e x tr a c ts  of p lants, 

which could agglu tina te  and distinguish  among human blood groups. 

In 1888, S til lm ark  (3) discovered th a t  e x t r a c ts  of c a s to r  bean seeds  

could agglu tinate  animal ery throcytes . M ateria ls  which could clump 

red blood ce lls ,  w ere  then called  hemagglutinins. Because they w ere  

f i r s t  iso la ted  from p lan ts , they came to  be known as  

phytohemagglutinins. Lectin is  a b e t te r  name because these
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m a te r ia ls  a re  found in sou rces o ther than p lants. Hem agglutinins 

had been found predom inantly in the  seeds of p lan ts , in p a rtic u la r  

those  of the  legumes, but a lso  in o ther p a r ts  of p lan ts  , such as  

ro o ts , leaves and bark (3). In addition, agglu tin ins have been found 

in b ac te ria , fungi, lichens, f ish  roe, sn a ils , fish , in sec ts , 

in v e rte b ra te s  and m am m als (4). H em agglutinins may be m em brane 

bound or free  in solution. Some lec tin s  a re  known to  agg lu tina te  not 

only red  blood c e lls  but a lso  o ther kinds of c e lls  such as 

lym phocytes, f ib ro b la s ts  (co n n ec tiv e -tissu e  precurso rs), 

sperm atozoa, b ac te ria  and fungi ( 1).

S te in  and Cooper (5) c la s s if ie d  agglu tin ins in to  th ree  ca teg o ries  

- -  an tibod ies, lec tin s  and o th er re ce p to r-sp e c ific  substances, (a) 

A ntibodies a re  of immune origin, are  produced by lym phocytes or 

p lasm a c e lls , and may be e lic ite d  as  a response to  antigen. They are  

g lycopro te ins w ith  highly sp ec ific  m olecular s tru c tu re  composed of 

m u ltip les  of a basic  subunit co n sis tin g  of one heavy and one light 

polypeptide chain. They have a w ide range of binding sp e c if ic itie s , 

w ith  tw o or m ore binding s i t e s  per molecule. They have been found
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only in v e rteb ra te s , (b) L ectins a re  g lycoproteins or p ro te in s, a re  

probably of nonimmune origin, and are  usually  p resen t as  

c o n s titu te n t m olecules, i.e., a re  not generally  increased  by p resence 

of inducing substances. T heir binding sp e c if ic i t ie s  a re  confined to  

carbohydrates and, a s  a general ru le , have tw o  or m ore binding s i te s  

per m olecule. They occur ubiquitously in v iru ses , b ac te ria , p lan ts  

and anim als, (c) O ther re c ep to r-sp e c ific  su b stan ces  a re  those  

agg lu tin ins excluded from th e  o th er tw o ca teg o ries  by th e ir  

re la tiv e ly  s t r i c t  defin ition. These include the inducible, 

non-im m unoglobulin heteroagg lu tin ins of v e r te b ra te s  and 

in v e rte b ra te s  and o th er le c tin -lik e  but possib ly  nonprotein 

(carbohydrate o r lipid), agg lu tin ins in inverteb ra tes .

Rogers and Loveless (6) found th a t “hem agglutinins" from  

e x tra c ts  of s ix  se le c te d  sp ec ies  of brown algae w ere removed by 

tre a tm e n t of the  e x tra c t w ith  insoluble polyvinylpolypyrrolidone 

(PVPP) and could not be rem oved from the  PVPP by elu tion  w ith  

medium containing Tween 80. P ro te in -rich  e x tra c t did not contain  

“agglutinins" fo r human e ry th ro cy tes  but purified  polyphenols from
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th e se  algae produced pow erful “agglutination". They thought th a t 

the  su b stan ces , which caused the  hem agglutination of human 

ery th ro cy tes , w ere polyphenols and qu ite  d iffe ren t from  the  known 

le c tin -ty p e  hem agglutinins.

In v erteb ra te  lec tin s

In v erteb ra tes  do not p o ssess  the  adaptive immune sy stem s of the 

v e rteb ra te s . Therefore, the p ro tec tiv e  m echanism s of in v e rteb ra tes  

are  the  le s s  im m une-like phenomena of ly s is  and agglu tination  by 

com ponents in coelom ic flu id  and phagocytosis by coelom ocytes. 

The recognition  of “se lf"  and “non self" by the  la t te r  is poorly 

understood although th is  d iscrim inato ry  property  of coelom ocytes is 

w ell docum ented (7). It has been proposed th a t  agglu tin ins 

p a r tic ip ita te  in the  defense m echanism  of in v e rte b ra te s  by aiding 

phagocytosis (8,9).

Yeaton (10 ,11) has review ed the immunological sign ificance of 

in v e rteb ra te  lec tin s. Inverteb ra te  le c tin s  may play a ro le  in immune 

sy stem s, perhaps as  (a) a sugar co n fig u ra tio n -sp ec ific  antibody-like
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m olecule w hich can agg lu tina te  b ac te ria , v iru ses , fungi, sperm  and 

o ther p a ra s ite s ; (b) an opsonin w hich enhances hem ocyte 

phagocytosis of foreign  p a rtic le s ; (c) a p e riv ite llin e  p ro te c to r  to  

m ain tain  s te r i l i ty  inside eggs; (d) a h isto co m p atib ility  sy stem  to  

recognize allogeneic and xenogeneic d ifferences. Investigation  of 

annelid coelom ocytes point to  th e ir  p a rtic ip a tio n  in som e form  of 

sp ec ific  “se lf"  recognition  and ce llu la r  im m unity (7,12). Cooper and 

cow orkers (13) found th a t  when Lumbricus coelom ocytes w ere 

incubated jn  v itro  w ith  v e rte b ra te  e ry th ro cy tes , ro s e t te s  of both 

the  sec re to ry  (a large num ber e ry th ro cy tes  adhered to  th e  su rface  of 

the  coelom ocyte su rface , giving i t  the  appearance of a g rape-like  

c lu s te r)  and E-type (only a  sing le  row of e ry th ro cy tes  surrounded 

the  coelom ocytes) w ere  form ed around th e  coelom ocytes. The 

h ighest p ercen tages of sec re to ry  ro s e t te s  w ere  form ed using rabb it 

e ry th rocy tes. Coelom ocytes, co llec ted  from  Lum bricus 2 4  h rs  a f te r  

rab b it e ry th ro cy te -in jec tio n , exhib ited  s ig n ifican tly  decreased  

num bers of sec re to ry  ro s e t te s  when cu ltu red  w ith  e ry th ro cy tes  

from th e  orig inal donor rabbit. However, cu ltu ring  th e  sam e
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coelom ocytes w ith  e ry th ro cy te s  from  a d iffe ren t rab b it show ed 

nearly  normal num bers of ro se tte s . It su g g ests  th a t coelom ocytes 

in Lumbricus are  involved in som e form  of sp ec ific  immune 

response.

Among the in v e rte b ra te  le c tin s  w hich have been ch arac te rized  

a re  those  from the A m erican lo b s te r  (Homarus am ericanus) (8,9), 

the  horseshoe crab (Limulus Polyphemus)(12.14). the s ta r f is h  

(A s te ria s  fo rb es i) (14). th e  Am erican o y s te r  (C rasso s trea  v ira in ic a ) 

(15 ,16 ,17), the  elongated clam  (Tridacna m axim a) (1 8 ,19), the  spiny 

lo b s te r  (Panullrus argus) (14 ,20), the  sea  hare (A plysia c a lifo m ic a ) 

(21), A m phitrite  o m a ta  (22), the  garden snail (Helix pom atia) 

(23 ,24), the  sponge (A xinella polypoides) (25 ,26) and the  ascid ian  

(S tye la  p lica ta ) (27). The agg lu tin ins iso la ted  from th ese  

in v e rte b ra te s  vary g rea tly  in th e ir  physical and chem ical p ro p ertie s  

(see  Table 2 in re f  5). However, w e can s t i l l  see  som e common 

p a tte rn s . Most of th e  in v e rteb ra te  agg lu tin ins have large m olecular 

w eig h ts  (up to  106 d a lto n s in th e  o y s te r  C rasso s trea  v irg in ica). and 

the  agg lu tin ins a re  usually  com posed of subun its  (from  2 to  18) held
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to g e th e r by noncovalent binding. Calcium is  usually  requ ired  fo r 

a c tiv ity , and occasionally  m agnesium  is  required. Most of the  

in v erteb ra te  agg lu tin ins a re  p ro te in s  or g lycoproteins, w ith  a 

binding sp e c ific ity  d irec ted  tow ard  carbohydrates. Some 

agglu tin ins vary from  th e se  p a tte rn s. The agg lu tin ins of th e  sponge 

A xinella poiypoides have re la tiv e ly  low m olecular w eig h ts  (I- 

2 1 ,000  daltons, II- 15,000 daltons), th e  subun its  of agglu tin in  I (2 

subun its , 15,000 d a lto n s / subunit) a re  bound covalently , and th e re  

a re  no requ irem ents  fo r d ivalen t cations. The agg lu tin ins from  

A m phitrite  o m ata . A plysia ca lifo rn ica . and S tye!a p lic a ta  have no 

calcium  and m agnesium  requirem ents.

One of the  m ore thoroughly ch arac te rized  agg lu tin ins from 

annelids a re  those  of A m phitrite  ornata. The tw o higher 

m olecu lar-w eigh t f ra c tio n s  (100 ,000  and 54 ,0 0 0  da ltons) is  thought 

to  be agg regates  of a 3 0 ,0 0 0 -d a lto n  frac tio n  nam e “am p h itritin ”. 

A m phitritin  is  a  glycoprotein, r e s is ta n t  to  d igestion  by try p sin  and 

pronase, but in ac tiv a ted  by heating  a t  85°C (22).

A gglutinins in m ost in v e rte b ra te s  occur n a tu ra lly  and cannot be
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induced by exposure, in c o n tra s t to  v e r te b ra te  immunoglobulin. 

However, th re e  exceptions to  th is  genera liza tion  have been noted. 

F leshfly  larvae (Sarcophaqa pereg rid a) hem agglutinins can be 

induced by in jury  to  the  body w all. In the  P acific  o y s te r  

(C rasso s trea  q igas). exposure to  b ac te ria  re s u l ts  in the production 

of higher leve ls  of hem agglutinins. In the earthw orm  (Lum bricus 

t e r r e s t r i s ) increased  t i t e r s  of hem agglutin ins may a lso  be induced 

by im m unization w ith  sp e c ific  e ry th ro cy tes  (5,13).

Cooper and h is cow orkers (13, 28) found th a t n a tu ra lly  occurring 

agg lu tin ins from  Lum bricus t e r r e s t r i s  w ere inhibited  m ost s trong ly  

by bovine subm axillary  m ucin and fe tu in , w hereas induced 

agg lu tin ins w ere inhib ited  by thyroglobulin, bovine subm axillary  

mucin, hyaluronic acid and fetu in . The only m onosaccharide 

inh ib ito r w as 2 -k e to -3 -d eo x y o ctan o a te  (KDO) which is a com ponent 

of lipopolysaccharide found in many gram negative b acteria . This 

observation  suggested  an a n tib a c te r ia l ro le  fo r coelom ic fluid. 

Lumbricus coelom ic flu id  (norm al o r induced) w as s ig n ifican tly  

m itogenic ag a in st m ouse lym phocytes (T c e lls  ra th e r  than B cells).
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As m entioned on page 5, Lumbricus coelom ocytes, cu ltu red  in 

defined m edia w ith  rab b it RBC, showed sec re to ry  and E-type 

ro s e t te s  w ith  RBC, suggesting  th a t coelom ocytes s e c re te  some 

agglu tin ins a s  w ell a s  con tain  them on th e  cell su rface  (13).

Lipid hem agglutin ins

S tone (29) observed th a t agg lu tination  of avian e ry th ro cy tes  by 

som e pure lip ids (cephalin, lec ith in , sphingom yelin, card iolip in , 

o leic  acid , s te a r ic  acid and glycol d is te a ra te )  and m ix tu res  of th ese  

lip ids have p ro p e rtie s  s im ila r  to  those  of organic e x tra c ts  from a 

w ide v a rie ty  of tis su e s . Tsivion and Sharon (30) repo rted  th a t  oleic 

acid, d ioleoylphosphatid ic acid, a polar frac tio n  from  calf 

thym ocytes and c e rta in  bovine lip ids has som e le c tin -lik e  ac tiv ity , 

i.e. ag g lu tin a tio n -sp e c ific ity  fo r c e r ta in  RBC and sp ec ific  inhibition 

of a c tiv ity  by c e r ta in  complex carbohydrates. Kawai and h is 

cow orkers (31, 32) found th a t  an o rn ith ine-con ta in ing  lip id  from 

B ordetella  p e r tu s s is  s trong ly  agg lu tinated  human (type A and B), 

rab b it, green monkey and BALB/C m ouse e ry th ro cy te s  (RBC), but
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w eakly agg lu tinated  horse, sheep, chicken and guinea pig RBC. The 

proposed s tru c tu re  of th is  am phipathic am inolipid (31, 32) w as 

3-hydroxyhexadecanoic acid, am ide-linked to  o rn ith ine  and 

e s te r if ie d  to  the  second hexadecanoic acid.

CH2—  (CH2 ) n  CH3

I
CH 0-------C— (CH2 ) , 4— CH3

I o

CH2 — C------NH  CH(CH2)3NH3 +

" I
0  COO"

Kawai (33) repo rted  th a t bovine brain phosphatidy lserine w hich 

had a s tru c tu re  s im ila r  to  the  proposed s tru c tu re  of the 

o rn ith ine-con ta in ing  lip id  of B ordetella  p e r tu ss is  s trong ly  

ag g lu tin a tes  human, rab b it, green monkey, chicken and BALB/C 

m ouse RBC. We a lso  found th a t d io leoylphosphatidylserine

ag g lu tin a tes  r a t  RBC (a t a concen tration  of 100 pg /m l PBS-N3 ,

sp ec ific  t i t e r  80 /m g/m l). Forbes and h is  cow orkers (34) reported  

th a t egg phosphatidylethanolam ine (PE) and dioleoylphosphatidyl
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ethanolam ine (DOPE) ag g lu tin a tes  m ouse RBC. Kawai rep o rted  th a t 

PE (kind unspecified) does not agg lu tinate  human (type 0, A and B), 

rab b it, green monkey, sheep, horse, guinea-pig, chicken and mouse 

(BALB/C) RBC. Our work w ill p a rtia lly -re so lv e  th is  con trad iction .

Proteoglycan hem agglutin ins

Fuke and Sugai (27) found th a t hem agglutin ins in the coelom ic 

flu id  of the  asc id ians, S ty e la  p lica ta  and H alocvnthia h iloendorfi. 

s trongly  ag g lu tin a te  rab b it, r a t  and m ouse but no t sheep or guinea 

pig RBC. These agg lu tin ins a re  high m olecular w eigh t su b stan ces  

which are  h e a t-s ta b le  ( no change of a c tiv ity  w as observed when the 

sam ple w as heated  a t  140°C fo r 30 m inu tes in an autoclave), 

r e s is ta n t  to  trypsin  d igestion , but s en s itiv e  to  periodate. They 

thought th a t the hem agglutinin iso la ted  from the a sc id ian s  is 

polysaccharide o r m ucopolysaccharide. (The p re fe rred  name fo r  the 

polysaccharide com ponent of proteoglycan is  'glycosam inoglycan' 

when the po lysaccharide component con ta in s d e riv a tiv e s  of e ith e r  

glucosam ine or ga lactosam ine (35)]. Coombe e t  al. (36) iso la ted  a
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su lfa ted  polysaccharide from the  sponge, Q phlitaspongia tenu is. 

w hich w as im plicated  a s  a cell aggregation enhancing facto r. They 

proposed, based on a l i te ra tu re  survey [see also  Hunt (37)1 re p le te  

w ith  exam ples of sp ec ific  recep to rs  fo r  su lfa ted  po lysaccharides on 

a v a rie ty  of c e lls , ranging from m am m alian to  in v erteb ra te , and 

ce ll-ad h esio n  even ts from  m acrophage-lym phocyte to  egg-sperm , 

th a t “su lfa te d  po lysaccharide-m ediated  cell adhesion" is "a basic  

cell adhesion mechanism."

The e f fe c ts  of som e in v erteb ra te  hem agglutinins on Ehrlich a s c i te s  

tum ors

Tabrah, Kashiwagi and Norton (38) repo rted  th a t  a Hawaiian folk 

rem edy fo r cancer p a tie n ts  w as a cooked e x tra c t of a  polychaetous 

annelid, kaunaoa (Lanice conchileqa). They observed th a t  e x tra c ts  of 

tw o Hawaiian polychaetous annelids, Lanice conchileqa and 

R ete te reb e lla  queens)andia. re ta rd  th e  grow th  of Ehrlich a s c ite s  

tum or c e lls  in m ice but they did no t t e s t  fo r hem agglutination 

ac tiv ity .
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E x tra c ts  of tw o  o th e r polychaetous annelids, A m phitrite  o rna ta  

and N ereis v ire n s  have s tro n g  inh ib ito ry  e f fe c ts  on th e  grow th  of 

Ehrlich a s c i te s  tum or c e lls  in m ice bu t do no t have to x ic ity  in m ice 

(39). The inhib ition  a c tiv ity  of the  e x tra c ts  p ara lle l the  

hem agg lu tination  t i t e r  ag a in s t r a t  RBC.
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Purposes of th is  worK

(1) To iso la te  the agg lu tin ins from  N ereis coelom ocytes and 

coelom ic flu id

supernatan t.

(2) To determ ine the biological p ro p ertie s  of each agglutinin.

A. C haracterize  the hem agglutination function

(a) E rythrocyte agg lu tination  sp ec ific ity .

(b) Inhibition profile.

(c) Cation requirem ents.

(d) Light m icroscopy.

B. In te rac tio n  w ith  EATC

(a) In v itro  (lig h t m icroscopy and scanning e lec tro n  

microscopy).

(b) In vivo.

(3) To ch a rac te rize  th e  chem ical na tu re  of each agglutinin.

A. MW.

B. S en s itiv ity  to  various chem ical, h ea t and enzym atic 

tre a tm e n ts
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C. Response to  an tibod ies

D. S p ec tra

E. Response to  g ro u p -sp ec ific  reag en ts , q u a lita tiv e ly  and 

q u a n tita tiv e ly

(4) To study  hem agglu tination  of phosphatidylethanolam ines.
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MATERIALS AND METHODS

Instrum en ta tion

U V -visible sp e c tra  w ere  m easured on a Cary 15 or a 

Perk in-E lm er Model Lambda 3B recording spectrophotom eter. For 

RBC and EATC cen trifu g a tio n s  an In ternational Tabletop Clinical 

cen trifuge  w as used. All o th er cen trifu g a tio n s  w ere  done a t  4°C in 

a Beckman re fr ig e ra te d  J -2 1  cen trifu g e  w ith  ro to rs  JA -2 0  and 

JA -1 4 , or a Sorvall RC-5B re fr ig e ra te d  superspeed cen trifuge  

w ith  ro to rs  s s - 3 4  and GSA. Lyophilizing w as done in a V irtis  Model 

10 -020  lyophilizer. Tumor c e lls  w ere  counted in a C oulter coun ter 

(C oulter E lec tron ics, H ialeah, FL). M icroscopic s tu d ie s  w ere  done 

w ith  an Olympus ligh t m icroscope (Model CHA, ligh t source tungsten  

bulbC H -6V, 100W-TP). Light m icrographs w ere taken w ith  1 second 

exposures, w ith  an Olympus OM-2 cam era w ith  a  m icroscope adaptor 

using Kodak Panatom ic ASA 32 black and w h ite  film . Infrared 

sp e c tra  w ere  m easured  in Perkin-E lm er Model 247  and Digi-Lab 

Fourier-T ransform  Model FT 5 -4 0  in frared  sp ec tro m eters .
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Chem icals and B iologicals 

Chem icals

Enzymes, g lycoproteins, m ucopolysaccharides and complex 

po lysaccharides w ere  purchased from Sigma (St. Louis, MO). 

M onosaccharides w ere  purchased from Sigma and o th er common 

suppliers. Sephadex gels, Blue Dextran 2000 , and gel f il tra t io n  

p ro te in  s tan d ard s  w ere  purchased from  Pharm acia (P iscataw ay , NJ). 

Bio-Rad reagen t fo r p ro te in  determ ina tions, Bio-gel P -2 0 0  and 

Cellex D w ere  purchased from  Bio-Rad (Richmond, CA). Lipid 

s tan d a rd s  w ere  purchased from Avanti Polar Lipids Inc. 

(Birmingham, AL). So lven ts fo r lipid ex trac tio n  and th in  layer 

chrom atography w ere  reag en t grade and d is ti l le d  before use. All 

o th e r chem icals  w ere reagen t grade o r b e tte r . D ialysis tubing 

S pectrapor *1 (c u t-o ff , MW 6 0 0 0 -8 0 0 0 ), S pectrapor Sem i-M icro 

tubing (MW 12-14 ,000  Da c u t-o ff)  and M icro tite r p la te s  (round w ell) 

w ere  from  F isher (Springfield , NJ). Polygram Si 1 G fo r th in  layer 

chrom atography w as purchased from  Brinkmann Instrum ents, Inc. 

(W estbury, NY).
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Anim als

Live N ereis v iren s  w ere  purchased from  B ait W holesalers (New

Rochelle, NY). Male CFj m ice bred from  12 fem ales and 12 m ales,

given by th e  D epartm ent of Biology of C ity College, w ere purchased 

from C harles R iver L aboratories (Kingston, NY). All m ice w ere 

m ain tained  on a  r a t  chow diet.

E ry throcy tes

Rat e ry th ro cy te s  (RBC) w ere obtained from  e th erized  live 

Sprague-D aw ley r a t s  by card iac  puncture using 3.8% N a-c itra te  a s  

an ticoagulant. Sheep, s te e r ,  guinea pig, rab b it, chicken, A frican 

green monkey, rh esu s  monkey and human (0) RBC w ere  purchased 

from  M. A. B ioproducts (Rockville, MD), Rockland (G ilb e rts ille , PA) 

and Flow L aboratories (McLean, VA). E ry throcy tes w ere w ashed

w ith  PBS-N3 (0.9 % NaCl-lmM phosphate, pH 7.2, 0.01% NaN3 ) th ree

tim e s  a t room tem p era tu re , spun down each tim e  fo r 3 m inutes in a 

T ab le -top  In ternational C linical cen trifuge , and suspended in PBS-
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N3 to  make a  5% suspension. E ry throcy tes w hich w ere  s to re d  in 

c i t r a te  so lu tion  could be used w ith in  a week. However, e ry th ro cy te s  

w hich w ere  w ashed and suspended in PBS-N3 had to  be used the 

sam e day.

A nalytical m ethods

(1) M ic ro tite r assay  fo r  hem agglutination

RBC w ere  w ashed w ith  PBS-N3 (0.9% NaCl-1 m li phosphate pH

7.2, 0.01% NaN3 ) th ree  tim es  a t  room tem p era tu re  in a T ab le-top

In ternational C linical cen trifu g e  and suspended in PBS-N3 to  make a

5% suspension. 50  jjl1 of PBS-N3 o r PBS-N3 - 0.001% T riton  X -100

(PB5-N3 -T) o r t e s t  inh ib ito r so lu tio n s  co n sis tin g  of g lycoprote ins,

m ucins, lipopolysaccharides, amino acids, phospholipids,

m onosaccharides, mannan o r PEG (MW 8 ,000  d) d isso lved  in PBS-N3 ,

w as  added to  each w ell. 50  pi of the  sam ple to  be assayed  w as
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d ilu ted  se ria lly  w ith  th e  sam e medium s ta r t in g  w ith  the  second 

w ell of a row. The f i r s t  w ell containing PB5-N3 or PB5-N3-T

served  a s  control. A second 50 pi of PBS-N3 o r PBS-N3-T or te s t

so lu tion  w as added to  each w ell, making a  to ta l  of 100 pi. When a 

t e s t  so lu tion  w as used, it w as allow ed to  preincubate fo r 30 

m inu tes a t  room tem peratu re . Then 25 pi of 5% RBC suspension  w as 

added to  each w ell. The p la te s  w ere sea led  and ag ita ted  on a 

T e k ta to r P la te  Shaker (S c ie n tif ic  Products) fo r 3 m inutes, observed 

a f te r  30  m inutes (fo r inhibition  s tu d ie s , every 10 m inutes), and 1 

hour, and up to  2 hours, a t  room tem perature. They w ere  s to red  in 

th e  re fr ig e ra to r  a t 4°C overnight and observed again.

The p la te s  w ere read  by tiltin g . In a p o sitiv e  re su lt , th e  RBC's 

rem ained clumped or form ed a film  a t  th e  bottom  of the  w ell and did 

not flow . In a  negative re su lt , the RBC's flow ed a t  the  bottom  of the 

w ell. The t i t e r  is  defined a s  the recip rocal of the  h ighest d ilu tion 

w hich s t i l l  has agg lu tination  a c tiv ity . T ite rs  w ere  perform ed in 

duplicate. If the re s u l ts  d iffe red  by one w ell, the  t i t e r  is  p resen ted
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as  the  average value (frac tio n a l t ite r) . If t i t e r s  d iffe red  by m ore 

than one w ell, th e  determ ina tion  w as repeated. The t i t e r s  are  

repo rted  as  exponentials of tw o fo r sim plic ity . The sp ec ific  t i t e r  

fo r LMW is  defined as  t i t e r /  mg p ro te in /m l and fo r HMW and CM w as 

defined a s  t i t e r /  mg dry w t/m l.

(2) P ro tein  determ ination

P ro tein  w as determ ined  by the m ethod of Bradford (40), using 

Bio-Rad dye reagen t and bovine gam m a-globulin a s  a standard.

(3) Hexose tietermmtlQD

Hexose concen tra tion  w as determ ined  by the m ic ro -assay  

pheno l-su lfu ric  m ethod of Dubois e t  al (41) using glucose a s  a 

standard.

(4) Hexosamine determ ination

Hexosamine concen tra tion  w as determ ined by the Morgan-Elson 

m ethod (42) using glucosam ine hydrochloride a s  a standard.
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(5 )Pentose determ ina tion

Pentose concen tra tion  w as determ ined  by the  orcinol m ethod

(43) using ribose  a s  a standard .

(6 ) Deoxysuqar de term ina tion

Deoxysugar concen tra tion  w as determ ined by th e  method of Webb

(44) using deoxyribose a s  a standard.

(7) S ia lic  acid determ in a tio n

S ia lic  acid w as determ ined  by th e  p erio d a te -reso rc in o l m ethod 

of Jourd ian  e t  a ! (45) and th e  th io b arb itu ric  acid  m ethod of W arren 

(46) using N -acety lneuram in ic  acid  a s  a  standard.

(8 ) G iycosam inoa)vcandeterm ination

Glycosaminoglycan co n ten t w as  determ ined by th e  binding assay  

of Chandrasekhar e t  al (47) using DMB [1 ,9-d im ethylm ethylene blue, 

Serva Feinbiochem ica (H eidelberg/N ew  York)]-0.24 M guanidinium 

chloride and chondroitin  s u lfa te  A or B or C a s  standards. An aliquot
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(1 0 -5 0  p i)  of each t e s t  sam ple w as m ixed w ith  12 pi of 4M 

guanidinium chloride and 138-178  pi of 0 .05 M sodium a c e ta te , pH 

6.8 w as added to  make a final volum e of 200 p i and then 800  pi of 

DMB so lu tion  (16 mg of DMB w as d isso lved  in 5 ml of ethanol 

fo llow ed by th e  addition  of 2.0 ml of form ic acid  and 2.0 g sodium 

fo rm ate  and m ade up to  1 l i te r  w ith  deionized w a te r)  w as  added. 

GAG co n ten t w as m easured by the ra tio  of absorbance a t  5 5 0 /6 1 0  

nm.

(9) Hexuronic acid  de term ination

Hexuronic acid  con ten t w as determ ined by the su lfu ric -ca rb azo le  

m ethod of D ische (48) using glucuronic acid  a s  a standard.

(10) S u lfa te  determ ina tion

S u lfa te  con ten t w as determ ined  by th e  trich lo ro ace tic

ac id -g e la tin /B aC l2 m ethod of Carney (49) using K2S04 a s  a 

standard.
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(11) N -su lfa te  de term ination

N -su lfa te  con ten t w as determ ined  by the  m ethod of Dische e t  al 

(50) using heparin as  a standard.

(12) E lem ental su lfu r and phosphorus de te rm in a tio n s

Elem ental su lfu r and phosphorus analy ses  w ere  perform ed by 

Schw arzkopf M icroanalytical L aboratories (Woodside, NY).

(15) G roup-specific  reag en ts  used on Sil G p la te s  fo r TLC 

(13 -a )  Z inzade^ reagen t fo r phosphate

The procedure of B eiss (51) w as follow ed using 

dioleoylphosphatidylethanolam ine (DOPE), dioleoylphosphatidyl 

s e rin e  (DOPS), d ioleoylphosphatidylcholine (DOPC) or 

d io leoylphosphatidylinosito l (D0P1) a s  standards. 0 .685 g of

Na^oO^j- 2H20  and 40  mg of hydrazine s u lfa te  w ere  disso lved  in 10

ml of w a te r, 25  ml of concen tra ted  H2S 04  w as  added , the  m ix ture

w as cooled and d ilu ted  to  6 0  ml w ith  dH20. The s il ic a  TLC p la te s
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w ere im m ersed fo r 5  m inu tes a t  room tem peratu re . The 

phosphatides appeared a s  blue sp o ts  on a w h ite  background.

(1 3 -b ) Ninhvdrin reagen t fo r free  amino group (-NHo)

The procedure of M arinetti (52) w as follow ed using DOPE or 

DOPS as  standards. 0 .25 g of ninhydrin w as d isso lved  in 100 ml of 

ace to n e-lu tid in e  ( 9 : 1 ,  v /v )  to  make a 0.25 % ninhydrin solution. 

T h e .s il ic a  TLC p la te s  w ere  im m ersed fo r 2 -3  m inutes a t  room 

tem perature. The chrom atogram s w ere  hung in the  hood fo r 1-2 

hours a t  room tem peratu re . M ateria ls which had free  amino groups 

appeared a s  mauve sp o ts  on a w h ite  background.

(1 3 -c ) Phosphomolybdic acid  reag en t fo r choline

The procedure of Levine and Chargaff (53) w as follow ed using 

DOPC or sphingom yelin (SP) a s  standards. The n inhydrin -sta ined

chrom atogram  w as w ell-w ash ed  w ith  d H ^  fo r 10 m inu tes and then

im m ersed in a phosphomolybdic acid  so lu tion  (1 g of phospho-
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molybdic acid  in 100 ml of dH20 ) fo r 5 -1 0  m inutes a t  room

tem pera tu re . The chrom atogram  w as w ashed w ith  th ree  50  ml 

p o rtio n s  of butanol (5 -1 0  m inutes each), put under running tap

w a te r  fo r 1 hour, w ashed b rie fly  w ith  dH20  to  rem ove tra c e s  of

reag en t and fin a lly  im m ersed in a d ilu te  stannous chloride so lu tion

[1 ml of SnCl2 s tock  so lu tion  (40  g of SnCl2 in 100 ml of

co n cen tra ted  HC1) w as d ilu ted  to  100 ml w ith  dH20] in a few

m inutes. C holine-positive sp o ts  gave a blue color on a w h ite  

background.

(1 3 -d ) -NH group s ta in

The procedures of S chw artz  and P a llan sch / Mazur e t  al (54) w ere 

follow ed using SP, DOPE or DOPS as  standards. The reag en ts  fo r -NH 

group s ta in in g  co n s is ted  of so lu tion  (i) 1% te rt-b u ty lh y p o ch lo rite  

so lu tion  in cyclohexane and so lu tion  (ii)l%  s ta rch -io d id e  so lu tion  (1

g of Kl and 1 g of so luble  s ta rc h  w ere  d isso lved  in 100 ml of dH20,
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the  m ix tu re  brought to  a boil and cooled to  room tem perature). The 

chrom atogram  w as im m ersed in so lu tion  (i) fo r 2 -3  m inutes, hung in 

the  hood a t  room tem p era tu re  fo r 1 hour and im m ersed in so lu tion

(ii)  fo r  2 -3  m inutes. M ateria ls  w hich had NH groups (e.g. SP) a s  w ell

a s  NH2 groups (e.g. DOPE or DOPS) gave blue sp o ts  on a very

lig h t-b lu e  background.

(1 3 -e )  P erio d a te -S ch iff reag en t fo r viclnal-QH (-  CH-CH-)
I I 
OH OH

The procedure devised by Baddiley e t  al (55) w as follow ed using 

DO PI a s  a standard. The p e rio d a te -S ch iff reagen t co n sis ted  of (i)

0.25% sodium  p eriodate  in dH20, ( ii)  1% Na2S20 5 so lu tion  and (iii)

S ch iff reag en t (Sigma) d ilu ted  1 : 2 (v /v ) w ith  1% Na2S20 5 solution.

The chrom atogram  w as passed  through th e  sodium periodate  

so lu tion , hung fo r 15 -20  m inu tes a t  room tem pera tu re , and the

paper w as passed  repeated ly  through a  1% solu tion  until
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iodine w as com pletely  decolorized. The chrom atogram  w as passed  

through the d ilu ted  so lu tion  of S ch iff reagent. M aterials w hich had 

vicinal-OH gave pink-m auve spots.

(1 3 -f)  A ipha-naphthol reag en t fo r sugar

The procedure of S iako tos and Rouser (56) w as follow ed using 

glucose a s  a standard . The sugar reag en ts  co n s is ted  of (i) 0.5% 

alpha-naphthol in m e th an o l-w a te r (1 : 1) and (ii)  95% su lfu ric

acid /H 20. The chrom atogram  w as sprayed w ith  alpha-naphthol

so lu tion  un til damp, dried  in a ir , sprayed w ith  su lfu ric  acid so lu tion  

and then  h eated  in th e  oven a t 120°C un til maximum color w as 

developed. Glucose or g lycolip ids gave b lue-purp le  sp o ts  and o th er 

po lar lip id s gave yellow  spots.

(13-g) AgNQa reagent lor reducing.sugac

The procedure of Trevelyan e t  al (57) w as used. The 

chrom atogram  w as sprayed f i r s t  w ith  1% AgN03 in acetone, dried  in

the hood, fo llow ed by spraying w ith  2% NaOH in ethanol and hung a t
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room tem p era tu re  fo r  2 hours using glucose, g a lac to se ,m alto se , 

arabinose and lac to se  a s  standards. Reducing sugars  gave a brown 

color.

(13-h) Resorcinol s ta in  fo r gang liosides

The procedure of Svennerholm / M iettinen and Takki-Luukainen 

(58) w as follow ed using N -acetylneuram inic acid from sheep 

subm axillary  mucin a s  a standard. The chrom atogram  w as sprayed 

w ith  the  reso rcino l reag en t (10 ml of 2% reso rc ino l in w a te r  w as 

m ixed w ith  80  ml of concen tra ted  HC1 containing 0.5 ml of 0.1 M

CuSO^j • 5 H20  and the m ix ture  w as d ilu ted  to  100 ml w ith  w ate r),

covered w ith  a g la ss  p la te  and heated  in oven a t  120°C until 

maximum co lo r w as developed. The gangliosides o r s ia l ic  acid 

d e riv a tiv e s  appeared a s  b lu e -v io le t sp o ts  on a w h ite  background.

(1 3 -i)  F erric  ch loride reag en t fo r s te ro ls  and s te ro l e s te r s

The procedure of Lowry (59) w as follow ed using ch o les te ro l as
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a standard. 50  mg of FeC lj • 6 H20  w as d isso lved  in 90  ml of w a te r

and m ixed w ith  5  ml of g lacial a c e tic  acid  and 5  ml of concen tra ted

H2S04  to  make a fe rr ic  chloride reagent. The chrom atogram  w as

sprayed w ith  th e  reagen t and heated  a t  100°C. C holesterol appeared 

as  a red  to  v io le t spo t on a  yellow  background w ith in  2 -3  m inutes.

(1 3 - j)  Este.c..stain

The procedure of Skidmore and Entenman (60) w as follow ed 

using ethyl a c e to a c e ta te  a s  a standard. The e s te r  s ta in  co n sis ted  of 

(i) a lkaline hydroxylamine so lu tion  (100 ml 10% ethano lic  

hydroxylamine hydrochloride w as mixed w ith  200 ml 12% ethanolic  

sodium hydrochloride so lu tion , th e  m ix ture  w as cen trifuged  and the 

c le a r  supernatan t w as used and (ii)  fe rr ic  ch loride reagen t (10 g of

FeC lj • 6 H20  and 20 ml of concen tra ted  HC1 w ere  ground in a m o rta r

and th e  so lu tion  w as shaken w ith  3 0 0  ml of ethy l e th e r  to  make an 

e th erea l fe r r ic  chloride solution). The chrom atogram  w as f i r s t  

sprayed w ith  alkaline hydroxylamine so lu tion , d ried  b rie fly  and
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sprayed w ith  e th erea l fe rr ic  chloride solution. E s te rs  appeared as  

purple sp o ts  on a yellow  background.

(14) Im m unoelectrophoresis

Im m unoelectrophoresis w as carried  out according to  in s tru c tio n s  

from the  su p p lie r of the  apparatus, Helena L aboratories (Beaumont, 

TX).

2 4  p i of LMW DEAE peak I sam ple w ere applied to  each w ell [ see 

Figures 11-13 , * 2 -7  (from  the le f t  side) except LMW DEAE peak III- 

*1-7]. Bromphenol blue (m arker) w as applied to  the f i r s t  w ell (*1) 

and the  la s t  w ell (* 8 ) of the 8 w e lls  (except LMW DEAE peak Ill-  

only applied to  the  la s t  w ell (* 8 )). The sam ples w ere su b jec ted  to  

e lec tro p h o res is  a t  co n s tan t vo ltage (100  v o lts )  fo r 25  m inutes. The 

sam e procedure w as follow ed fo r LMW DEAE peaks ll-IV , HMW, 

heated  HMW, heated  & deltp ldated  HMW and CM e x tra c t or 

coelom ocytes.

Each gel w as cu t in to  5  p a r ts  (Figures 11-13). The f i r s t  p a rt 

w as cu t into 15 s i ice s /sam p le  and each s lic e  w as soaked in 200 pi
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of PBS-N3 overnight, cen trifuged  and tite red . The second p a rt w as

fo r Coom assie Blue (0.1% Coom assie Blue in 7% a c e tic  acid) p ro te in  

stain ing . The th ird  p a rt w as s ta in ed  fo r carbohydrate s ta in in g  w ith  

the  p e rio d a te -S ch iff  reag en t (61) [(i) soaked in so lu tion  C (0 .54 ml 

a c e tic  acid, 0.89 g anhydrous sodium a c e ta te  and 10.0 g

hydroxylam ine hydrochloride w ere d isso lved  in dH20  to  a final

volume of 100 m l) fo r 15 min, (ii)  w ashed under running w a te r  fo r 

15 min, ( ii i)  soaked in so lu tion  B (1.0 g periodic acid and 0.82 g

anhydrous sodium a c e ta te  w ere  d isso lved  in dH20  to  a final volume

of 100 m l) fo r  10 min, (iv) w ashed under running w a te r  fo r 10 min, 

(v) soaked in so lu tion  A [Schiff reagen t (Sigm a) which had been 

d ilu ted  w ith  an equal volum e of w ate r] fo r 30  min, (vi) w ashed 

th re e  tim es , each fo r 2 min duration, in so lu tion  D (5 ml 10% sodium

m etab isu lp h ite  In w a te r , 2 ml 2  N HC1 and 90  ml dH20) and (vll)

fo llow ed w ith  th ree  w ashes, each of 60  m inutes, in so lu tion  E 

(Solution D + 20% glycerol by volume) and dried a t room 

tem perature]. The fourth  p a r t w as fo r lip id  s ta in in g  w ith  Sudan
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Black B (62) (200 mg of Sudan Black B in 100 ml 60% ethanol, w as 

soaked fo r 60  m inutes a t  room tem pera tu re , and allow ed to  s tan d  

overnight to  allow  the  undissolved dye to  s e t t l e  out. The w orking 

so lu tion  w as prepared by d ilu ting  the s tock  w ith  an equal volume of 

60% ethanol). The f if th  p a rt w as used fo r im m unodiffusion : 75  pi 

rab b it an tiserum  to  crude CF w as applied to  the  trough. The p la te  

w as placed in a humid chamber. If the  m a te ria l w as an tigen ic , a 

p rec ip itin  a rc  appeared w ith in  2 4  hours. The p la te  w as soaked in

0.85% NaCl, 0.01% NaN3 fo r 48 hours w ith  3 changes of saline-N aN3

daily  and the  p rec ip itin  a rc  w as v isua lized  by s ta in in g  w ith  0. 1% 

Amido Black in 5% a c e tic  acid fo r 30 m inu tes  and d esta in ing  w ith  

5% a c e tic  acid  un til the  background w as c o lo rle ss  (63).

(15) in frared  an aly sis

13 mm KBr p e lle ts  using 100-150  mg KBr and 0 .7 -1 .50  mg of 

sam ple w ere prepared. S pectra  w ere recorded in a 

spec tropho tom eter Perkin-E lm er Model 247  and a Digi-Lab Fourier 

transfo rm  in frared  spec tropho tom eter Model FTS-40.
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A ntiserum  (to  crude CF) production

0.5 ml coelom ic flu id  (CF) from  N ereis v irens. em ulsified  w ith  

0.5 ml of Freund's adjuvant w as in jec ted  in to  the thigh of a New 

Zealand rabbit. Four w eeks la te r  a booster containing 1 ml of CF in 

Freund's ad juvant (v /v  = 1 : 1 )  w as adm in iste red  and 3 w eeks la te r  

blood w as draw n from  an ea r  vein. A fte r standing a t  room 

tem p era tu re  to  allow  c lo ttin g , the  blood sam ple w as cen trifuged  in 

th e  ta b le - to p  cen trifuge  fo r 3 m inutes, and serum  containing 

antibody ag a in st crude CF w as co llected . A liquots w ere s to red  a t 

- 1 5°C.

8 ml of rab b it an tiserum  to  crude CF w as cen trifuged  in the  

ta b le - to p  cen trifu g e  fo r 5 m inu tes and the  top c le a r  supernatan t 

w as divided in to  tw o equal p a rts . One p a r t of th is  cen trifuged  

rab b it an tiserum  w as heated  on the  s team  bath  fo r I hour. The 

heated  an tiserum  so lu tion  w as cen trifuged  in the  tab le - to p  

cen trifu g e  fo r 5  m inutes to  rem ove p re c ip ita te  and tra n sfe rre d  to  a 

15 ml s te r i le  cen trifuge tube. 100 jil of each sam ple (CM e x tra c t 

from  coelom ocytes, ftflW fra c tio n  and LMW DEAE peak I-IV sam ples)
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w as tre a te d  w ith  100 |il of rab b it an tiserum  to  crude CF, o r 100 pi

of heated  rab b it an tiserum , o r 100 pi of PBS-N3. A fter mixing, the

so lu tio n s  w ere incubated a t  37°C fo r 1 hour, and cen trifuged  in a 

Beckman M icrofuge fo r 2  m inutes. The su p e rn a tan ts  w ere te s te d  for 

hem agglutination  a c tiv itie s .

Tumor c e lls

(1) Tumor tra n s fe r

The Ehrlich a s c i te s  tum or s tock , in 2 live BDFj m ice w as a

generous g if t  from  S loan-K ettering  In s titu te  fo r Cancer R esearch 

(New York, NY). A tum or s tock  m ouse w as k illed  by e therization . 

The a s c i te s  flu id  w as rem oved using a 2 0  gauge needle and a 5  ml 

syringe. It w as cen trifuged  fo r 3 m inu tes in a tab le to p  cen trifuge , 

and th e  su p ern a tan t w as discarded. The resid u e  w as w ashed w ith  

s te r i le  PBS to  rem ove RBC's, w hich w ere  heav ier and s e tt le d  to  the 

bottom . The RBC's w ere  a sp ira te d  out from  underneath the  tum or 

ce lls . The tum or c e lls  w ere  w ashed and the  RBC's removed un til as
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many RBC's a s  possib le  had been asp ira ted , cen trifug ing  fo r 2 -3  

m inu tes betw een  w ashings. 1 ml of s te r i le  PBS w as added to  the  

EATC's. The concen tra tion  of the  c e lls  w as determ ined  by using a 

C oulter counter. 20  pi of a s c i te s  flu id  w as d ilu ted  to  10 ml II: 500  

d ilu tion  in iso ton ic  sa lin e , using llnopette  (Becton, Dickinson)]. The 

d ilu ted  c e lls  w ere counted th ree  tim es  and an average taken and 

properly d ilu ted  w ith  s te r i le  PBS to  ge t 106 c e lls  to  in je c t into

each CF j m ouse to  grow tum or ce lls .

(2) Long-term  sto rage  of tum or c e lls  w ith  glycerol

A s lig h t m odification  of the C assel (64) procedure w as used for 

s to rin g  Ehrlich a s c i te s  tum or c e lls  in the  deep freezer. Tumor ce lls

w ere  a sp ira ted  from  CFj m ice using a 20 gauge needle w ith  5 ml

syringe. One ml portions w ere added to  s te r i le  15 ml polystyrene 

cen trifu g e  tu b es  (w ith  sc rew  caps) each containing 1 ml of 40% 

glycerol ( s te r iliz e d  using a  4 5  jim M illipore f i l te r  (Swinex-M illipore 

Corp., Bedford, MA)].
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The tubes w ere  capped, vortexed and placed a t  4°C fo r 30  

m inutes. They w ere  again mixed and le f t  a t  4°C fo r another hour. 

The c e lls  w ere  then resuspended, and placed d irec tly  in a -76°C  

freeze r. According to  C asse l's  rep o rt, they could be s to red  fo r one 

y ea r w ithou t a ffec tin g  v iab ility .

(3) The de term ina tion  of the  optim al number o f Ehrlich a s c i te s  

tum or c e lls  needed fo r tum or grow th in m ice

Two ml of the  frozen  EATC w as defrosted  and w ashed th ree  

tim e s  w ith  10 ml of s te r i le  PBS each tim e to  rem ove the glycerol, 

cen trifuged  in a ta b le - to p  c lin ica l cen trifuge  and packed c e lls  w ere 

then resuspended in 1 ml of s te r i le  PBS. The concen tra tion  of EATC 

w as determ ined a s  described  above to  be 4  x 107 c e lls /m l. Five 

groups, containing 3 m ice each, w ere  in jec ted  in trap e rito n ea lly  

w ith  5  x 105 , 106 , 2 x 106 , 5 x 106 , 107 c e lls /m o u se  (using a 1 ml 

s te r i le  d isposable  syringe and a 25  gauge d isposable needle). Tumor 

ce ll g row th  becam e ev ident in about tw o weeks. It w as found th a t 

the  optim al number of Ehrlich a s c i te s  tum or c e lls  needed fo r tum or
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grow th  in m ice w as 106 ce ils /m o u se  (Figure 20).

M odification of bovine subm axillary  mucin (BSM)

(a) BSM (Sigm a, type I, 1 m g/m l in PBS-N3) w as heated  on the

steam  bath  fo r 2 hours and cen trifuged  a t maximum speed in a 

ta b le - to p  cen trifu g e  fo r 3 m inutes. The c lea r  so lu tion  w as dialyzed

ag a in s t PBS-N3. (b) BSM (type I, 1 m g/m l in PBS-N3 ) so lu tion  w as

tre a te d  w ith  0.12 N HC1 (10  ul of concen tra ted  H C l/lm l solu tion), 

incubated a t  80°C in a w a te r  bath  fo r 1 hour and cen trifuged  a t 

maximum speed in a ta b le - to p  cen trifu g e  fo r 3 m inutes. The c lea r

so lu tion  w as dialyzed  ag a in s t PB5 -N3. (c) BSM (type I, 8 m g/m l in

PBS-N3 ) w as dialyzed a g a in s t 0.1 M T ris  pH 8.0 containing 0.2 M 

13-m ercaptoethanol fo r  48  hours a t  4°C, then dialyzed ag a in st 

PBS-N3 fo r 48  hours a t  4°C.
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P repara tions

(1) Collection and p rocessing  of coelom ic flu id

N ereis v iren s  w orm s w ere  w ashed in a r t if ic ia l  sea  w a te r  (NaCl

24.72 g/1, KC1 0.67 g/1, CaCl2 -2H20  1.36 g/1, MgCl2 • 6H20  4 .66 g/1,

MgS04  • 7 H20  6.29 g/1 and NaHC03 0 .18 g/1, pH a d ju sted  to  7 .2 -7 .4 )

and placed in a g la ss  con ta iner in ba tches of 10-15  worm s. The 

con ta iner w as  put in to  a c losed  bell j a r  sy stem  sa tu ra te d  w ith  e th e r

vapor. The coelom ic flu id  (~ 1 m l/ worm) re leased  by th e  w orm s

w hich relaxed in e th e r  vapor, w as co llec ted  w ith  a P as teu r p ip e tte . 

The flu id  w as  cen trifuged  a t 2 -3  Krpm ( s s -3 4  ro to r  in a Sorvall 

RC-5B re fr ig e ra te d  superspeed  cen trifu g e) fo r  15 m inutes. The 

p a r tic u la te  frac tio n  w as frozen  a s  a p e lle t o r taken  up in the  

minimum volume of a r t if ic ia l  sea  w a te r  (in Scheme 3, 6 ml of 

packed c e lls  w as taken  up in 2 4  ml of a r t if ic ia l  sea  w a te r)  and 

s to red  a t  -15°C . The su p ern a tan t w as made 1 mM in TPCK to  avoid 

p ro tease  a c tiv ity , ammonium s u lfa te  w as added to  75% sa tu ra tio n  

and th e  m ix tu re  w as allow ed to  s t i r  overnight a t  4°C. The m ix ture
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w as cen trifuged  a t  12 Krpm (GSA ro to r) fo r 3 0 -6 0  m inutes. The 

brown oily layer sam ple w hich had sep ara ted  w as p ip e tted  and

d isso lved  in the  minimum volume of dH20  and dialyzed ag a in st PBS

o r PBS-N3 overnight (using S pectrapor *1 d ia ly s is  tubing, cu t off 

MW 6 -8 ,0 0 0  d).

(2) Low m olecular w eigh t (LMW) and high m olecu lar w eight (HMW) 

fra c tio n s  (Schem e 1)

25  ml of th e  resuspended brown layer sam ple ( t i t e r  > 2 12) w as

obtained from the  75% (NH4 )2 5 0 4  p rec ip ita tio n  of 128 ml of the

coelom ic flu id  supernatan t. Five ml of th is  brow n layer sam ple w as 

put on a Sephadex G -100 column (height 41.5cm , d iam eter 2.7 cm,

6 0  d ro p s/tu b e , e lu ted  w ith  PBS-N3) or Bio-gel P -2 0 0  column (height

23 .4  cm, d iam eter 2.7 cm, 60  d ro p s/tu b e , e lu ted  w ith  PBS-N3) (see

F igures 1 & 2). An ac tiv e  peak ( frac tio n s  *  18-23  from  Sephadex 

G -100, o r fra c tio n s  * 6 -1 0  from  Bio-gel P -200) corresponded to  the 

void volume of the  column. It w as ca lled  high m olecular w eight
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(HMW). Another ac tiv e  peak w as in the low MW region (the position  

of the peak w as frac tio n  *  36, MW 19,000 d fo r Sephadex G-100, 

frac tio n  *  21, MW 18,000 d fo r Bio-gel P-200).

(a) LMW frac tio n

LMW fra c tio n s  w ere pooled and concen tra ted  by lyophilization

and dialyzed ag a in st PBS-N3, pH 7.2, overnight fo r t i t e r  assay

(sp ec ific  t i t e r  i  3413 /m g p ro te in /m l) , to ta l volume w as 16 ml , 

p ro te in  co n ten t w as 19.2 mg. This sam ple w as dialyzed ag a in st 

0 .0 1M T ris  buffer, pH 8.2, overnight. The dialyzed LMW sam ple (15 

ml, 18 mg p ro te in ) w as put on a DEAE column (d iam eter 1.7 cm, 

height 15.2 cm) in 0.01 M T ris  buffer, pH 8.2. A fte r the baseline w as 

reached, a g rad ien t of 250  ml of 0 -0 .4  M NaCl in 0.01 M T ris  buffer, 

pH 8.2 w as s ta r te d . Finally, the  column w as w ashed w ith  0.4 M NaCl 

in 0.01 M T ris  buffer, pH 8.2. All DEAE column sam ples (tubes

1-120) w ere  dialyzed ag a in st PBS-N3, pH 7.2 overnight and t i te re d

individually. Four ac tiv e  peaks (1-1V) w ere obtained (see Figure 3
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and Schem e 1).

The four ac tiv e  fra c tio n s  from  DEAE chrom atography w ere 

concen tra ted  by lyophilization  sep a ra te ly  and dialyzed against

PBS-N3 overnight. 1.5 m l-2 .0  ml of each lyophilized ac tiv e  frac tio n

w as put on a Sephadex 6 -7 5  column (height 27.4 cm, d iam eter 1.7

cm, 30  drops /tu b e , e lu ted  w ith  PBS-N3 ) sep ara te ly  to  determ ine

i t s  m olecu lar w eig h ts  (see  Scheme 1).

(b) HMW fra c tio n  (Schem e 2)

(b -1 ) HMW

HMW fra c tio n s  ( to ta l volume w as 114 ml, obtained from  ~ 250  ml 

of coelom ic flu id ) w ere  pooled, concen tra ted  by lyophilization and 

dialyzed a g a in s t dH20  overnight. The fina l concen tration  w as 8.68 

mg dry w t/m l (The sp ec ific  t i t e r  w as 3 3 4 /m g  dry w t/m l).

(b -2 ) Heated HMW (HHMW)

The concen tra ted  HMW (8.68 mg dry w t/m l)  w as heated  on a
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steam  bath  fo r 1 hour and cen trifuged  a t  16.5 Krpm (32 ,000  g) for 

30  m inutes a t 5°C (s s -3 4 , Sorvall RC-5B centrifuge). The c lea r 

supern a tan t w as heated  HMW (HHMW) (The sp ec ific  t i t e r  w as 

2 8 7 /m g  dry w t/m l).

(b -3 ) Heated dellp idated  HMW (DL-HHMW)

5 ml of HHMW (7.12 mg dry w t/m l)  in a Teflon cen trifuge  tube 

w as tre a te d  w ith  a to ta l of 125 ml of chloroform -m ethanol (v : v = 2 

: 1). The m ix ture  w as shaken vigorously by hand fo r 10 m inutes and 

allow ed to  s tand  fo r 2 hours a t  room tem perature. The sam ple w as 

cen trifuged  a t  10 Krpm fo r 30 m inutes. The p a rtic u la te  frac tio n  

w as sep a ra ted  from the organic layer. The p a rtic u la te  frac tio n  w as 

dried  by placing the tube in a d es ic ca to r containing beakers of 

p ara ffin  oil to  remove organic vaporand d e s ic c a n t . The d e s ic c a to r  

w as s to re d  in the cold room a t 4°C. The dried  sam ple (7.90 mg) w as

d isso lved  in 2 ml dH20  , mixed by vortexing and cen trifuged  in the

ta b le - to p  cen trifuge  a t  maximum speed fo r 3 m inutes. The c lea r  

su p ern a tan t w as DL-HHMW. I ts  p ro te in  con ten t w as determ ined and
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a f te r  d ia ly s is  aga inst PBS-N3 , i t s  t i t e r  w as determ ined (The 

sp ec ific  t i t e r  w as 132/m g/m l, see  Scheme 2). The CHCI3-CH3OH

solu tion  w as tre a te d  w ith  2.25 ml dH20 /m l CHCI3-CH3OH, mixed

w ell, kept in the  re fr ig e ra to r  overnight and cen trifuged  a t 10 Krpm 

a t 5°C fo r 30 m inutes ( s s -3 4  ro to r, Sorvall RC-5B centrifuge). The

aqueous phase w as asp ira ted , dialyzed aga inst PBS-N3 and te s te d

fo r i ts  hem agglutination ac tiv ity . It showed no ac tiv ity . The 

chloroform  phase w as dried by sw eeping w ith  in e rt gas and s to red  

in a d es icca to r w ith  a beaker of p araffin  oil and desiccan t in i t  to 

le t  i t  dry to  co n stan t w eight. The dried chloroform  phase m ate ria l 

(16.27 mg dry w t w as obtained from  35.60 mg HHMW, 39.7%) w as

dissolved  in 4  ml of PBS-N3, mixed by vortexing and cen trifuged  a t

16.5 Krpm, 5°C fo r 30 m inutes ( s s -3 4  ro to r, Sorvall RC-5B 

centrifuge). The c lea r supernatan t w as te s te d  fo r hem agglutination 

ac tiv ity  (The sp ec ific  t i t e r  w as 3 2 /m g /m l, see  Scheme 2).
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(b -4 ) D eterm ination of m olecular w e ig h ts  of HMW agglu tin ins

Four ml of concen tra ted  HMW sam ple (p ro te in  con ten t 332.443 

pg /m l, sugar 1196.44 p g /m l, sp ec ific  t i t e r  i  12321 /m g  p ro te in /m l) 

w as put on a Sepharose 4B column (d iam eter 2.7 cm, height 34.3 cm,

60  d ro p s/tu b e , e lu ted  w ith  PBS-N3). Two ac tiv e  peaks w ere

obtained a t tube 18 and tube 31 ( Figure 4).

Two ml of unheated HMW (17.1 m g/m l), 1.8 ml of heated  HMW 

(15.7 m g/m l) and 1.3 ml of delip idated  heated  HMW (1.09 m g/m l) 

w ere  put on th e  Sepharose 4B column sep a ra te ly  (d iam eter 1.7 cm,

height 26.5 cm, 30  d ro p s/tu b e , e lu ted  w ith  PBS-N3) (see  Figure 5).

The m olecular w eigh t s tan d ard s  w ere a ldo lase  (MW 158 kd), 

c a ta la se  (MW 232 kd), f e r r i t in  (MW 440  kd) and throglobulin  (MW 

669  kd). They w ere  loaded sep a ra te ly  (described  in p 52).

(3) E x traction  of lip ids

(a) Folch ex trac tio n  (Schem e 3)

The p a r tic u la te  fra c tio n  (packed c e lls , 6 m l) w as s to red  in 2 4  ml
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of sea  w a te r  and s to red  a t -15°C. The Folch (65) procedure w as 

used to  e x tra c t the  lipid components. A m ixture of chloroform  -  

m ethanol (v : v=l : 2, 30  ml : 60  m l) w as added to  the  p a rtic u la te  

frac tio n  in sea  w a te r  and shaken by hand a t room tem perature. This 

w as cen trifuged  a t  12 Krpm fo r 30 m inutes ( s s -3 4  ro to r  in a Sorvall

RC-5B). To th e  supernatan t, CHCI3-H2O (57 ml : 57  ml) w as added.

This sep ara ted  into tw o layers  : the  organic (CM) e x tra c t (78 

m l),w hich had 87.75 mg of lipid, and an aqueous layer (132 ml). A 5 

ml aliquot (40  mg) of aqueous layer (pH 6.4) from  which the

m ethanol had been blown off w ith  N2 , w as centrifuged, dialyzed

ag a in st PBS-N3 , pH 7.2 and had a sp ec ific  t i t e r  vs ra t  RBC of 

4 /m g/m l. A 5  ml aliquot of CM containing 11.25 mg of m ate ria l, 

w as dried w ith  N2 gas, taken up in 5 ml PBS-N3 -0.001 % Triton

X -100 (PBS-N3-T) by vortexing fo r 30 m inu tes and cen trifuged  in a 

tab le - to p  cen trifuge  fo r 3 m inutes. The c le a r  supernatan t (pH 6.5, 

the sp ec ific  t i t e r  w as 57  m g/m l) w as dialyzed ag a in st PBS-N3-T,
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pH 7.2 and had a sp e c ific  t i t e r  vs r a t  RBC of 160/m g/m l.

(b) Acetone p rec ip ita tio n

Ten ml of CM e x tra c t  from  coelom ocytes (packed ce lls , 6 m l) w as

evaporated  w ith  N2 gas a t  room tem p era tu re  to  dryness to  co n stan t

w eigh t (22.5 mg). This m a te ria l w as tre a te d  w ith  1.125 ml of

acetone and 0 .0225 ml of 10% MgCl2 • 6H20  (in m ethanol), vortexed,

kep t in the  ice bath  fo r  1 hour and cen trifuged  in the tab le - to p  

cen trifu g e  a t medium speed fo r 3 min. The ace to n e- insoluble (Ai) 

fra c tio n  w as w ashed w ith  0 .225 ml of cold acetone tw ice , vortexed

and cen trifuged , evaporated  by N2 gas a t  room tem p era tu re  to

d ryness to  co n stan t w eigh t (4  mg) and taken  up in 10 ml PBS-N3 -T 

to  t e s t  i t s  hem agglu tination  ac tiv ity . For TLC the  m ate ria l w as 

taken  up in CHCI3 (see  Schem e 4). The ace to n e-so lu b le  (AS) frac tio n

w as combined w ith  th e  ace tone  w ashings of AI, evaporated by N2

gas a t  room tem p era tu re  to  d ryness to  co n s tan t w eight (17 mg) and
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taken up in 10 ml PBS-N3 -T to  t e s t  i t s  hem agglutination ac tiv ity . 

For TLC th e  m ate ria l w as taken up in CHCI3 (see  Scheme 4).

(c) Thin layer chrom atography (TLC)

Ai l so lv en ts  fo r TLC w ere d is tille d  before use or HPLC grade. All 

p la stic -b ack ed  Sil-G  TLC p la te s  (Brinkmann Instrum ents Inc., 

W estbury, NY) w ere prew ashed w ith  developing so lv en ts  and 

a c tiv a ted  by heating  in the oven under vacuum a t 80°C or 120°C fo r 

30 m inutes.

For one dim ensional TLC, the ace tone-inso lub le  (AI) and 

ace tone-so lub le  (AS) f ra c tio n s  from  the CM e x tra c t of coelom ocytes

w ere  developed sep a ra te ly  in C H C ^-C F^O H -acetone-acetic 

acid-H 20  [ 6 5 :  10: 2 0 :  1 0 : 3  (v/v)]. For tw o - dim ensional TLC (2D 

TLC), AI w as developed in C H C ^-C F^O H -acetone-acetic acid-H 20

[65 : 10 : 20  : 1 0 :3  (v/v)] fo r the  f i r s t  dim ension and CHCI3-CH3OH-

concen tra ted  ammonia [65 : 25  : 5 (v/v)] fo r the  second
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dim ension.For AS, h ex an e s : ethyl e th e r : a c e tic  acid [8 0 : 20 :1  (v/v)] 

w as used fo r the  f i r s t  dim ension and hexanes : ethyl e th e r  : a ce tic  

acid  [90 : 10 . 1 (v/v)] w as used for the second dimension. The TLC

p la te s  w ere  dried and v isualized  in l2 vapor or s ta in ed  for sp ec ific

functional groups (described  in pp 24-30). Lipid s tandards w ere 

developed and s ta in ed  under the sam e conditions.

For p repara tive  work, bands w ere ex trac ted  in the f i r s t  

developing so lvent system  and rechrom atographed in the second 

developing so lvent system , (a) For AI, (i) the TLC bands (except the 

bands n ear the origin) w ere e lu ted  tw ice  w ith  3.8 ml of

CHC1 ̂ -CH^OH-dl^O [1 : 1 : 0.8 (v/v)] and centrifuged. Two ml each

of CHCI3 and dH20  w ere  added to  the supernatan t, mixed,

cen trifu g ed  and the bottom  chloroform  phase w as co llected. The 

chloroform  phase w as d ilu ted  w ith  an equal volume of benzene (4  

m l), evaporated  by ro ta ry  evaporation under reduced p ressu re  a t

30°C (66) and taken up in 2 ml PBS-N3 -T to  determ ine its

hem agglu tination  ti te r ,  ( ii)  th e  TLC bands near th e  origin (highly
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polar lip ids) w ere e lu ted  tw ic e  w ith  3.8 ml o f CHCI3-CH3OH-O.2 N 

HC1 [1 : 1 : 0.8 (v/v)] and centrifuged. Two ml each of CHCI3 and

dH20  w ere added to  the  supernatan t, mixed, cen trifuged  and the

bottom  chloroform  phase w as co llected . The chloroform  phase w as 

n eu tra lized  by adding 1.6 ml of 0.2 N m ethanolic ammonia, d ilu ted  

w ith  5.6 ml of benzene, evaporated  by ro ta ry  evaporation under

reduced p re ssu re  a t  30°C (66) and taken up in 2 ml PBS-N3 -T to

d eterm ine i t s  hem agglutination  t i te r ,  (b) For AS, each TLC band w as

e lu ted  tw ic e  w ith  3.8 ml of CHC^-CF^OH-ether {1 : 1 : 0.8 (v/v)] and

centrifuged . Two ml each of CHCI3 and dH20  w ere  added to  the

su p ern a tan t and centrifuged . The bottom  chloroform  phase w as 

co llec ted , d ilu ted  w ith  4  ml of benzene, evaporated  by ro ta ry  

evaporation  under reduced p re ssu re  a t  30°C (67) and taken  up in 2

ml PBS-N3 -T to  de term ine i t s  hem agglu tination  t i te r .
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(4) P reparation  of gel f i l t r a t io n  and anion exchange colum ns

(a) Sephadex G -100 and G -75 columns

Sephadex G -100 and G -75 w ere  sw ollen  in PBS-N3 on a  s team

bath fo r 5 hours and 3 hours respective ly . The height o f the  gel bed 

w as 41 cm, d iam eter 2.7 cm fo r Sephadex G -100 or 27 .4  cm, 

d iam eter 1.7 cm fo r Sephadex G-75. The void volume of the 

Sephadex gel w as determ ined  w ith  2 ml Blue Dextran 2000  (1.5

m g/m l in PBS-N3 ). The m olecular w eigh t s tan d a rd s  w ere  bovine

serum  album in (MW 67  kd), ovalbumin (MW 43 kd), a lpha- 

chym otrypsinogen A (MW 25 kd), myoglobin (MW 17 kd) and 

ribonuclease A (MW 13.7 kd). They w ere loaded in 2  ml a liq u o ts  of

10 mg of each pro te in  per ml. The b u ffe r w as PBS-N3 and fra c tio n s

of 60  d ro p s/tu b e  (4  m l) fo r Sephadex G -100, 30  d ro p s/tu b e  (1.9 ml) 

fo r Sephadex G-75, w ere  co llec ted  using an LKB U ltrarac  frac tio n  

co llec to r w ith  e lu tion  m onitored a t 2 5 4  nm and recorded by an LKB 

8300  Uvicord 11 m onitor.
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(b) Sepharose 4  B column

180 ml of Sepharose 4  B gel so lu tion  w as mixed w ith  70 ml of

PBS-N3 and poured into a column. The height of the gel bed w as 34.3

cm, d iam ete r 2.7 cm. The void volume of the Sepharose gel w as

determ ined w ith  2 ml of Blue Dextran 2000  (2.0 m g/m l in PBS-N3 ).

The m olecular w eight s tan d a rd s  w ere a ldo lase (MW 158 kd), 

c a ta la se  (MW 232 kd), f e r r i t in  (MW 440  kd) and thyroglobulin (MW 

669  kd). They w ere loaded in 1 ml a liq u o ts  sep a ra te ly  from  each 

o th e r (a ldo lase  22 m g/m l, f e r r i t in  6 m g/m l, thyroglobulin 10 m g/m l 

and c a ta la se  10 m g/m l). Loading volume w as 1 ml. F ractions of 60

d ro p s/tu b e  (~4 ml) w ere  co llected . For the sm a lle r  column, the

height of th e  gel bed w as 26.5 cm, d iam eter 1.7 cm and fra c tio n s  of 

30  d ro p s/tu b e  (2 ml) w ere  co llected .

(c) Bio-gel P -200  column

Bio-gel P -2 0 0  w as sw ollen  by follow ing th e  in s tru c tio n s  of Bio- 

Rad. The height of the gel w as 23 .4  cm, d iam ete r 2.6 cm. The void
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volume of the  Bio-gel P -2 0 0  column w as determ ined w ith  2 ml

fe r r i t in  (6 m g/m l in PBS-N-j). The Bio-Rad m olecular w eight

s tan d a rd s  k it w as used to  c a lib ra te  the  column. It contained a 

m ix ture  o f bovine thyroglobulin (MW 670  kd), bovine gam m a-globulin 

(MW 158 kd), chicken ovalbumin (MW 44  kd), horse myoglobin (MW 17

kd) and v itam in  B j2 (MW 1.35 kd) a t  a concen tration  of 36 m g/m l.

0.2 ml of the m ixture w as loaded on the column. F ractions of 60 

d ro p s/tu b e  w ere  collected .

(d) DEAE (Cellex D) anion exchange column

10-20  gram s of Cel lex D w as suspended in 500  ml of 0.25 M 

NaOH and allow ed to  sw e ll fo r 30 m inutes. It w as f il te re d  and

rinsed  w ith  dH20, suspended in 500  ml of 0.25 M HC1 and allow ed to  

s tan d  fo r 10 m inutes. It w as then f il te re d  and rin sed  w ith  dH20.

The NaOH tre a tm e n t w as  repeated. A fte r rin sing  w ith  dH20, i t  w as

equ ilib ra ted  in 0.01 M T ris  buffer, pH 8.2. The height of the 

equ ilib ra ted  column w as 15.2 cm, d iam eter 1.7 cm.
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Light m icroaraph ic  s tu d ie s  on th e  hem agglutination of r a t  

e ry th ro cy te s  by N ereis hem agglutin ins

Rat e ry th ro c y te s  w ere  obtained from  e th erized  live Sprague 

Dawley r a t s  by card iac  puncture using 3.8% Na c i t r a te  a s  an 

an ticoagulan t. Before suspending and s to rin g  r a t  e ry th ro cy tes  in 3.8 

% N a -c itra te , a t te m p ts  w ere  made to  keep r a t  e ry th ro cy tes  in th e  

fo llow ing d if fe re n t b u ffe r  s y s te m s - -  (i) ImM phosphate b u ffe r 

sa lin e  (0.9% NaCl, pH 7.2), ( ii)  10 mM phosphate b u ffer sa lin e  (0.85% 

NaCl, pH 7.2), ( ii i)  1 mM phosphate b u ffe r  sa lin e  (0.9% NaCl, pH 7 .2 ): 

6% glucose (v /v ) = 1 :3, (iv) 10 mM phosphate b u ffer sa lin e  (0.85% 

NaCl, pH 7.2) : 6% glucose (v /v ) = 1 : 3 and (v) 1 X balanced s a l t

so lu tio n  [10 ml of s to ck  so lu tion  *1 (d ex tro se  10.0 g, KH2P 0 ^ 0 .6  g

and Na2HP04  • 7H20  3.58 g, d isso lved  and brought up to  1 l i te r  w ith

dH20) and 10 ml of s to ck  so lu tion  * 2  (CaCl2.2H20  1.86 g, KC1 4.0 g,

NaCl 80  g, MgCl2 anhydrous 1.04 g and MgS04 .7H20 2.0 g, d isso lved

and brought up to  1 l i t e r  w ith  dH20  ) and brought to  100 ml w ith

dH20  (pH 7.25)]. It w as found th a t  r a t  e ry th ro cy te s  w ere "happy" in
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3.8% Na c i t r a te  (all c e lls  w ere in the  normal cell condition up to  

overnight). It w as a lso  found th a t th e  t i t e r s  of the  Nereis 

hem agglutin ins using 3.8% Na c i t ra te  a s  a d ilu tion  bu ffer w ere  the 

sam e a s  those  in 1 mM phosphate bu ffer sa lin e  (0.9% NaCl, pH7.2) as 

a d ilu tion  buffer, up to  a 2 hour period. A fte r 2 hours, ra t  

e ry th ro cy te s  in 3.8% Na c i t r a te  s ta r te d  to  aggregate. When th is  

experim ent w as done, f re sh  ra t  e ry th ro cy tes  w ere used and the 

m icrographs w ere taken  during a 2-h r  period.

Rat e ry th ro cy te s  w ere  cen trifuged  in th e  ta b le - to p  cen trifu g e  a t 

medium speed fo r 30  seconds. The packed e ry th ro cy tes  w ere 

w ashed w ith  3.8% Na c i t r a te  once and cen trifuged  a t medium speed 

in the  ta b le - to p  cen trifu g e  fo r 30 seconds. The w ashed 

ery th ro cy tes  w ere d ilu ted  to  a 5% suspension in 3.8% Na c itra te . 

A liquots of 100 pi of 3.8% Na c i t r a te  w ere  added to  th e  f i r s t  w ell of 

each row of a m ic ro tite r  p late . These served  a s  contro ls. For the 

se r ia lly -d ilu te d  agglu tin in  sam ple, a liq u o ts  of 50  pi of 3.8% Na 

c i t r a te  w ere  added to  each w ell (* 2- 12) of a row  of the  m ic ro tite r  

p late. 50  pi LMW, (or HMW or AI or AS) w as added to  the  second
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w ell. From th is  w ell, 50  pi w as rem oved and added to  the  next 

w ell. This p ro cess  w as repeated  fo r each succeeding w ell thus 

making each w ell m ore d ilu te  by a fa c to r  of 2. A liquots of 50  pi of 

3.8% Na c i t r a te  w ere  added to  each w ell (* 2 -1 2 ). To each of th e se  

w e lls  25 pi of 5% ra t  e ry th ro cy tes  in 3.8% Na c i t r a te  w as added. 

Sam ples w ere  rem oved from  each w ell and exam ined under the  

m icroscope over a  2 -h r  period. One drop of th e  sam ple w as placed 

on a cover s lip , inverted , and carefu lly  placed on the  s lid e  to  avoid 

a ir  bubbles. A sam ple from  each w ell w as exam ined w ith  a ligh t 

m icroscope a t  400  X m agnification. O bservations w ere  made a f te r  5 

min (e ry th ro cy tes  ju s t  added to  the  sam ple), 30  min, 1 hour, and up 

to  2  hrs. Light m icrographs w ere taken  as  described  on page 16. 

The re s u l ts  a re  shown in F igures 6 - 1 0 .

The e f fe c ts  of ca tio n s  on hem agglu tination  a c tiv it ie s  of 

hem agglutin ins

The t e s t  sam ples w ere  CM e x tra c t  from coelom ocytes, HMW and 

LMW fra c tio n s  from  coelom ic flu id  supernatan t. The protocol for
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th is  experim ent is  as  described  a s  below :

(a) 1m l of each te s t  sam ple w as in PBS-N3 a s  control.

(b) 1 ml of each t e s t  sam ple  w as dialyzed ag a in st HEPES buffered  

sa lin e  w ith  1 mM EGTA (4 7 6  g/1 HEPES, 0.9% NaCl, 1 mM EGTA, 

pH 7.5) fo r 3 hours a t  4°C.

(c) 1 ml of each t e s t  sam ple w as dialyzed ag a in st HEPES buffered  

sa lin e  w ith  10 mM EGTA fo r 3 hours a t  4°C.

(d) 1 ml of each te s t  sam ple w as tre a te d  as  in (c), then dialyzed

ag a in s t HEPES sa lin e  b u ffe r w ith  1 mM CaCl2 for ano ther 3 

hours a t  4°C.

(e) 1ml of each t e s t  sam ple w as tre a te d  a s  in (c), then dailyzed 

a g a in s t HEPES sa lin e  b u ffe r w ith  1 mM MgCl2 for ano ther 3 

hours a t 4°C.

The volume of dialyzing b u ffe r w as 500  ml in each case. All 15 

sam ples w ere  ti te re d  ag a in s t r a t  e ry th rocy tes . The control w e lls  in

the t i t e r  p la te s  w ere PBS-N j in (a), HEPES sa lin e  b u ffe r w ith  1 mM

EGTA in (b), HEPES sa lin e  b u ffe r w ith  10 mM EGTA in (c), HEPES
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sa lin e  b u ffe r w ith  1 mM CaCl2 in (d), and HEPES sa lin e  b u ffe r w ith  1 

mM MgCl2 in (e) respective ly . The r e s u lts  a re  shown in Table 6 .

Degradation o r d enatu ra tion  tre a tm e n ts

(1) Heat tre a tm e n t

A liquots of each sam ple (CM e x tra c t from  coelom ocytes, HMW 

frac tio n , and LMW DEAE peak l-IV  sam ples) w ere  heated  on a steam  

bath  fo r 1-2 hours, cen trifuged  a t  the  tab le - to p  cen trifu g e  fo r 3 

m inu tes and th e  c le a r  su p ern a tan ts  w ere tite re d . The re s u l ts  are  

shown in Table 7.

(2) Phenol tre a tm e n t

1 ml of each sam ple (CM e x tra c t from  coelom ocytes, HMW

frac tio n  and LMW frac tio n , o r 1 ml of PBS-N3 ) w as tre a te d  w ith  1

gram of phenol. The sam ples w ere  mixed w ell by vortexing, then 

cen trifuged  in the  ta b le - to p  cen trifuge  fo r 3 m inutes and the 

aqueous lay ers  co llected . The aqueous layers  w ere  dialyzed against
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PBS-N3 fo r 4  hours (fre sh  PBS-N3 w as rep laced  every hour) and 

tite red . The re su lts  a re  shown in Table 7.

(3) Eolyvlny IpQlypyrrol idone (P..V.P.P)

Five gram s of PVPP (insoluble form , Sigm a) w as purified  by

boiling fo r 10 m inutes in 100 ml of 10% HC1, w ashing w ith  dH20  

several tim es, neu tra liz ing  w ith  10 drops of concen tra ted  KOH and 

then w ashing w ith  dH20  u n til free  of ch loride ton (68 ). The p e lle t

w as w ashed w ith  PBS-N3 once and then eq u ilib ra ted  w ith  PBS-N3

until the supernatan t pH rem ained 7.2. Three ml of packed PVPP, pH 

7.2 w as mixed w ith  1.5 ml of CM e x tra c t from  coelom ocytes o r HMW 

or LMW, shaken overnight a t 4°C, cen trifuged  in the tab le - to p  

cen trifuge  fo r 3 m inu tes and the c lea r supern a tan t w as tite re d . The 

r e s u lts  a re  shown in Table 7.

(4) Periodate treatment

(4 -a ) 500  pi of each sam ple (CM e x tra c t from  coelom ocytes, HMW
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frac tio n  and LMW frac tio n ) w as tre a te d  w ith  500  pi 0.05 M NaOAc, 

pH 5.0 (con tro l) o r 500  p i 0.05 M Nal04 , in 0.05 M NaOAc, pH 5.0.

5 00  pi PBS-N3 and 500  pi of 0 .05 M Nal04 in 0 .05 M NaOAc, pH 5.0

served  a s  co n tro ls  also. The sam ples w ere covered w ith  aluminum 

fo il and kep t in the cold room overnight. Then one drop of 0.1 M

ethylene glycol w as added to  each sam ple to  rem ove excess Nal04.

The sam ples w ere  dialyzed ag a in s t PBS-N3 fo r 4  hours (b u ffe r w as

changed once a f te r  2 hours) and t i te re d  (69).

(4 -b ) 1 ml of HMW sam ple w as tre a te d  w ith  (i) 0.3 ml 0.2 M

c i t r a te  bu ffer, pH 5.4 and 0.2 ml 0 .0 0 4 M Nal04 , pH 5.4 or (ii)  0.3 ml

0.2 M c i t r a te  buffer, pH 5 .4  and 0.2 ml 0 .04  M Nal04 , o r ( iii)  0.5 ml

0.2 M c i t r a te  buffer, pH 5 .4  (th e  la s t  s e t  served  a s  control). The 

sam ples w ere  incubated a t  room tem p era tu re  fo r  3 hours in the

dark, d ialyzed ag a in st PBS-N3 overnight and t i te re d  (27).

(4 -c )  DL-HHMW (prepared a s  described  in p 4 3 ) ,  8 .434 mg in 1 ml
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of dH2Of w as divided in to  tw o equal p arts . The f i r s t  p a rt (0.5 ml)

w as m ixed w ith  an equal volume (0.5 m l) of 0.1 M sodium 

m etaperiodate  and the  second p a rt (0.5 ml) w as m ixed w ith  an equal

volume (0.5 m l) of dH20. The la t te r  served  a s  DL-HHMW sam ple

control. 0.5 ml of PB5 -N3 w ere a lso  m ixed w ith  0.5 ml of 0.1 M

sodium m etaperiodate  to  serve  a s  another control. The sam ples 

w ere  wrapped w ith  aluminum fo il and kept in the  dark a t  room 

tem pertu re . F o rty -e igh t hours and n in e ty -s ix  hours la te r , 0.5 ml of

the  sam ple (DL-HHMW + 0.1 M Nal04  o r DL-HHMW +dH20 or PB5-N3 +

Nal04 ) w as taken  out, 0.01 ml of e thylene glycol w as  added to  each

sam ple to  rem ove ex cess  Nal04 and the sam ple allow ed to  s tand  1

hr (70). The sam ple w as dialyzed ag a in st PBS-N3 overnight (w ith

one change of fre sh  PB5-N3 ) and tite red . The r e s u l ts  are  shown in 

Table 7.
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(5) Protease treatment

(5 -a )  10 mg of insoluble p ro tease  from S trep tom yces griseus 

(Sigm a) w as  added to  each of ten  1.5 ml m icro tubes (tubes 1-10), 

w ashed w ith  PBS th re e  tim e s  (1 ml of PBS each tim e) and 

cen trifuged  a t  a Beckman m icrofuge fo r 2 m inutes. To half of the 

m icro tubes ( tu b es  6 -1 0 ) w as added 200 pi of PBS. They w ere 

heated  on a s team  bath  fo r 30 m inutes and cen trifuged  in a Beckman 

m icrofuge fo r 2 m inu tes  to g e t th e  heated  "heated pro tease" 

sam ples.

The protocol fo r th is  experim ent is described  as  fo llo w e d :

Tube *  1 -4  : 200  pi of LMW DEAE peak I-IV + 10 mg of p ro tease

*  5 : 200 pi of PBS + 10 mg of p ro tease  (control)

*  6 -9  : 200 pi of LMW DEAE peak I-I V + 10 mg of

heated  p ro tease

*  10 : 200 pi of PBS + 10 mg of heated p ro tease  (contro l) 

The sam p les w ere  shaken a t  37°C overnight and cen trifuged  a t a

Beckman m icrofuge fo r 2 -3  m inu tes  and the su p ern a tan ts  tite red .
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The r e s u lts  are  shown in Table 7.

(5 -b ) DL-HHMW (6.0 mg in 150 pi of 1 mM phosphate buffer-2m M

CaCl2 , pH 7.5) w as divided in to  th re e  equal portions. The f i r s t  (50

|il)  w as m ixed w ith  20  pi of 1 mM phosphate b u ffe r-2  mM CaCl2 , pH

7.5 (DL-HHMW control), the  second p a rt (50 p i)  w as mixed w ith  20 

p i of pronase (S trep tom yces g riseus, Boehringer Mannheim, 1% by 

w t)  and the th ird  p a rt (50  p i)  w as mixed w ith  20  pi of heated  

pronase ( 1% by w t, h eated  on a boiling w a te r  bath  fo r 30 m inutes).

50  p i of 1 mM phosphate- 2 mM CaCl2 , pH 7.5 w as a lso  m ixed w ith

20  pi of pronase (1% by w t) to  serve  a s  control. The sam ples w ere 

incubated a t  37°C fo r 20  hours, heated  in boiling w a te r  bath  fo r 10 

m inutes, d ilu ted  to  500  p i w ith  buffer, cen trifuged  in the  Beckman 

m icrofuge fo r 3 m inu tes and the c le a r  su p ern a tan ts  tite re d . The 

r e s u l ts  a re  shown in Table 10.

(6 ) TCA (T rich lo roace tic  acid) tre a tm e n t

1 gram  of tr ich lo ro ac e tic  acid  w as added to  10 ml of
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concen tra ted  HMW in a 40  ml Teflon cen trifu g e  tube. The so lu tion  

w as mixed by vortexing and cen trifuged  a t 14 Krpm fo r 30 m inutes.

The p re c ip ita te  portion  w as taken  up in 1 ml of PBS-N3, dialyzed

ag an is t PBS-N3 overnight, cen trifuged  and i t s  hem agglutination

t i t e r  w as determ ied. The superna tan t w as dialyzed PBS-N3 

overnight and tite red . The r e s u lts  are  shown in Table 7.

(7) Chondroitinase ABC, kera tan ase  and heparinase  II tre a tm e n ts  

(7 -a )  Chondroitinase ABC (71)

Chondroitinase ABC (P ro teus vulgaris , 10 u n its , Sigm a) w as 

taken  up in 4  ml of 0.1 m g/m l of BSA (bovine serum  albumin). One 

ml of th is  enzyme so lu tion  w as d ilu ted  w ith  3 ml of 0.1 m g/m l of 

BSA and divided in to  five portions (each portion  had 0.5 u n its /0 .8  

ml). 5 .080 mg of DL-HHMW w as taken up in 1.016 ml of su b s tra te  

b u ffer (250  mM Tris-HCl, 300  mM NaOAc and 0.5 m g/m l BSA, pH 8.0) 

to  make 5 m g/m l. 3 .865 mg of chondroitin  s u lfa te  B w as taken  up in 

0.773 ml of su b s tra te  b u ffe r to  make 5  m g/m l. The protocol of th is  

experim ent is  described  below :
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Tube *  1 : 200 p.1 o f chondroitin  s u lfa te  B + 8 0 0  p.1 of 0 .1 m g/m l 

BSA

*  2 : 200  *il of chondroitin  s u lfa te  B + 8 0 0  pi of chondroin-

t in a se  ABC (*1 & * 2  served  a s  s tan d ard  a ssa y s  fo r 

chondro itinase  ABC)

* 3 : 200 jil o f s u b s tra te  b u ffe r + 800  pi of chondroitinase

ABC

* 4  : 2 00  p i of DL-HHMW + 8 00  ill of 0 .1 m g/m l BSA

*  5 : 200  ill of DL-HHMW + 800  pi of chondroitinase ABC

*  6 : 200  jil of DL-HHMW + 8 0 0  p i of chondro itinase ABC

w hich had been h eated  in a boiling w a te r  bath fo r 

30  m inutes.

*  7 : 200  p i of DL-HHMW + 800  pi of chondro itinase ABC.

The m ix tu re  w as  h eated  in a boiling w a te r  bath  for 

3 0  m inutes.

These seven sam p les  w ere  incubated a t 37°C fo r 2 hours, heated 

on the the  boiling w a te r  ba th  fo r 10 m inu tes, cen trifuged  a t  a 

Beckman m icrofuge fo r 3 m inu tes to  rem ove p a r tic le s  and dialyzed
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ag a in s t PBS-N3 overnight. Tubes 3 -7  w ere tite red . The

m etach rom atic  sp e c tra  fo r tubes 1,2 and 4 -7  w ere determ ined by 

the m ethod of Chandrasekhar e t  al (47). The re s u lts  are  shown in 

Table 10.

(7 -b ) K eratanase (endo -fl-g a lac to s id ase ) tre a tm e n t (72)

K eratanase (Pseudomonas, 15 u n its , Sigm a) w as taken up in 300  

pi of a specia l 0.1 M Tris-HCl buffer, pH 8.0. The la t te r  co n sis ted  of 

1.21 g of T ris , 0 .024  g of NaOAc, 0.01 g of bovine serum  albumin,

0 .372  g of EDTA and 0.125 g of N -ethylm aleim ide d issolved in dH20,

th e  pH ad ju sted  to  8.0 w ith  HC1 and the  volume made up to  100 ml

w ith  dH20. J u s t  before the  experim ent, p ep s ta tin  w as added to  a

final concen tra tion  of 0.36 mM (previously disso lved  in m ethanol to  

a concen tra tion  of 7.2 mM). 10.6220 mg of DL-HHMW w as d issolved

in 200  pi of dH20  (53.11 m g/m l). 1 mg of kera tan  s u lfa te  w as

d isso lved  in 100 pi of dH20  (10 m g/m l). The protocol fo r th is  

experim ent is  described  below :
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Tube *  1 : 50  ill of k era tan  su lfa te  (10  m g/m l) + 20  u l of 0.1 M 

specia l Tris-HCl bu ffer

*  2 : 50  ul of k era tan  su lfa te  (10  m g/m l) + 20 u l of

k e ra tan ase  (1 un it) in b u ffe r  ( *  1 & 2 served  a s  

s tan d ard  a ssay s  fo r k era tan ase )

*  3 : 5 0  u l of 0.1 M specia l Tris-HCl b u ffe r + 20  u l of

k e ra tan ase  (1 un it) in b u ffe r 

* 4  : 5 0  u l of DL-HHMW + 20  u l of 0.1 M special Tris-HCl 

b u ffe r

*  5  : 5 0  u l of DL-HHMW + 20  u l of k e ra tan ase  ( lu n it)  in

b u ffe r

*  6 : 50  u l of DL-HHMW + 20  u l of h eated  k era tan ase  in

b u ffe r (1 un it, k e ra tan ase  had been heated  in the  

boiling w a te r  bath  fo r  30  m inu tes)

* 7  : 5 0  u l Of DL-HHMW + 20  u l of k e ra tan ase  (1 u n it)  in 

buffer. The m ix ture  w as h eated  in the boiling w a te r  

bath  fo r 3 0  m inutes.

T hese seven sam ples w ere  incubated a t  37°C fo r 2 hours, heated
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on the  boiling w a te r  b a th  fo r 10 m inutes, cen trifuged  in a Beckman 

m icrofuge fo r 3 m inu tes to  rem ove p a r tic le s , d ilu ted  to  500  pi w ith

deionized w a te r  and dialyzed  ag a in s t PBS-N^ overnight. Tubes 3 -7

w ere  tite red . The m etach rom atic  sp e c tra  fo r tubes 1,2 and 4 -7  

w ere  determ ined  by th e  m ethod of Chandrasekhar e t  al (47). The 

r e s u l ts  a re  shown in Table 10.

(7 -c ) Hepacinase..H treatment (73)

H eparinase II (F lavobacterium  heparium r 10 u n its , Sigm a) w as 

taken  up in 0 .5  ml of 0.1 M NaOAc, pH 7.0 and divided in to  five  equal 

po rtio n s (2 un its/0 .1  ml). 5 .120 mg of DL-HHMW w as d isso lved  in

0 .2048  ml of dH20 (25  m g/m l). 7 .280 mg of heparin  sodium [General

Biochem ical Inc. (Chagrin F alls, Ohio)] w as  taken  up in 0 .2912 ml of

dH20  (25  m g/m l). The protocol fo r th is  experim ent is  described

b e lo w :

Tube *  1 : 0 .04  ml of heparin  sodium + 0 .03 ml of 10 mM

Ca(0Ac)2 + 0.23 ml of 0 .1 M NaOAc 
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*  2  : 0 .04  ml of heparin sodium + 0.03 ml of 10 mM

Ca(0Ac)2 + 0.13 ml of 0 .1M NaOAc + 0.1 ml of

heparinase II (2 un itsX *  1 & 2 served  as  the 

s tandard  a ssay s  for heparinase II)

*  3 : 0.03 ml of 10 mM Ca(OAc)2 + 0.17 ml of NaOAc + 0.1 ml

of heparinase II (2 un its)

*  4  : 0 .04  ml of DL-HHMW + 0.03 ml of 10 mM Ca(0Ac)2 +

0.23 ml of 0.1 M NaOAc

♦ 5  : 0 .04  ml o f  DL-HHMW + 0.03 ml Of 10 mM Ca(0Ac)2 +

0.13 ml of 0.1 M NaOAc + 0.1 ml of heparinase 1 1 (2  

u n its)

*6  : 0 .04 ml of DL-HHMW + 0.03 ml of 10 mM Ca(0Ac)2 +

0.13 ml of 0 .1 MNaOAc + 0 .1 ml of heated  heparinase 11

(2 u n its , heparinase  II w as heated  on th e  boiling w a te r  

bath fo r 30m inu tes)

*  7  : 0 .04 ml of DL-HHMW + 0.03 ml of 10 mM Ca(0Ac)2 +
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0.13 ml of 0.1 M Na OAc + 0.1 ml of heparinase II (2 

u n its), th is  m ix ture w as heated  on the  boiling w a te r  

bath  fo r 30  m inutes 

These seven sam ples w ere  incubated a t 37°C fo r 2 hours, heated  

on the  boiling bath  fo r 10 m inutes, cen trifuged  in a Beckman 

m icrofuge fo r 3 m inu tes to  rem ove p a r tic le s , d ilu ted  to  500  pi of

deionized w a te r  and d ialyzed ag a in st PBS-N3 . Tubes 3 -7  w ere

tite red . The m etach rom atic  sp e c tra  fo r tubes 1,2 and 4 -7  w ere 

determ ined  by the  m ethod of Chandrasekhar (47). The r e s u l ts  are 

shown in Table 10.

(8 ) D esulfation

The procedure of Nagasawa e t  al (74) which involved 

N -acety la tion  and d esu lfa tio n  w as used, (i) D esulfation w ith  

dim ethyl su lfoxide (DM5Q) containing m ethanol (mainly

N -desu lfation) : DL-HHMW (8 .280 mg in 8.280 ml of dH20) w as

passed  through a Dowex 5 0  W-8X (2 0 -5 0  m esh) column (d iam ete r 0.8
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cm and height 13 cm, w hich had been preequ ilib ra ted  w ith  0.1 M 

aqueous pyridine). The column w as w ashed w ith  tw o bed volum es of 

0.1 M aqueous pyridine. The pyridinium  s a lt  of DL-HI-fliW thus 

obtained, w as lyophilized, d isso lved  in 15 ml of d im ethylsulfoxide 

(DM50): m ethanol (v /v ) - 9 : 1 .  The sam ple w as kept in a w ired -sh u t

g la ss -s to p p e red  fla sk  containing 4  A m olecular sieve  (~ 1ml) and

h eated  on the  s team  ba th  fo r 21 hours. The reac tio n  m ixture w as 

cooled down, cen trifuged  in a ta b le - to p  cen trifuge  a t  medium speed 

fo r 3 -5  m inu tes  and the  supernatan t w as d ilu ted  w ith  an equal 

volume of w a te r  (15  m l), the  pH ad ju sted  to  9.0 w ith  0.1 M NaOH, 

dialyzed ag a in s t running tap  w a te r  fo r 6 hours and then dialyzed 

ag a in st deionized w a te r  overnight. This dialyzed so lu tion  w as 

supposed to  con tain  p a r tia lly  d esu lfa ted  sample.

CIO N -acety la tion  and desu lfa tion  w ith  DM5Q containing m ethanol 

(to  rem ove resid u a l, bound su lfa te  group): The dialyzed so lu tion

from  the  f i r s t  d esu lfa tio n  tre a tm e n t w as  lyophilized and taken  up in

3 ml of dH20 , 0 .30  ml of m ethanol and 1.8 ml (packed volume) of
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Dowex-1 (carbonate  form ), kept in the  cold room until the 

tem p era tu re  of the  so lu tion  w as 0-5°C  and then 2.0 ml of a c e tic  

anhydride w as added. The m ix tu re  w as shaken fo r 2 hours and 

cen trifuged  in the tab le - to p  cen trifuge. The supernatan t w as

removed and the  p e lle t w ashed w ith  1 ml of dH20 th ree  tim es. The

supern a tan t and w ashes w ere  combined and dialyzed against running

w a te r  fo r several hours and then dialyzed ag a in st dH20  overnight.

This N -ace ty la ted , presum bly p a r tia lly -d e su lfa te d  sam ple w as 

converted  to  the  pyridinium  s a lt  by the m ethod which w as described  

above. It w as lyophilized, tre a te d  w ith  4  ml of DMSO : m ethanol 

(V /V )= 9 :  1 and heated  on the  s team  bath  fo r 2 hours. The m ix tu re

w as cooled down, d ilu ted  w ith  4  ml of dH20, then pH ad ju sted  to  9.0

w ith  0.1 N NaOH, dialyzed ag a in st running w a te r  fo r several hours,

and then dialyzed ag a in s t dH20  overnight and lyophilized The

lyophilized sam ple w as taken up in 4  ml of PBS-N3 and the t i t e r  w as

determ ined. The re s u l ts  a re  shown in Table 10.
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Experim ents w ith  EATC

(1) E ffec ts  of hem agglutinins on EATC grow th in m ice (in vivo)

EATC w ere obtained from m ice 2 w eeks a f te r  they had been 

in jec ted  w ith  an EATC suspension prepared from  the  frozen  s ta te . 

The concen tra tion  of EATC w as determ ined as  described  on page 36 

and d ilu ted  w ith  s te r i le  PBS to  ge t 107 c e lls /m l.

LMW (11 m l, t i t e r  i  2 12, prepared a s  described  on page 41), HMW 

(11m l, t i t e r  i  2 12, prepared as described  on page 42) and 

PB S-0 .001 % T riton  X-100 (PBS-T) w ere s te r i l iz e d  by passing  

through 4 5  pm M illipore f i l t e r  u n its  in to  s te r i le  b o ttle s . The CM 

e x tra c t from  coelom ocytes (11 ml in PBS-T, t i t e r  i  2 12) w as 

s te r i l iz e d  by heating  on the s team  bath  fo r 1 hour.

The protocol used in th is  experim ent w as s im ila r  to  th a t  of 

Eckhardt, Malone and G oldstein (75). Nine groups of m ice (m ale

CFj), 5 m ice in each group, weighing 2 9 -4 5  gram s, w ere  used.

These w ere  in jec ted  fo r 10 days as  follow s.
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Group * T reatm ent Day 0 Day 1-4 Day 7-11

*  1 PBS +EATC 0.2 ml PBS 
+0.1 ml EATC

0.1 ml PBS 0.1 ml PBS

*  2 PBS 0.3 ml PBS 0.1 ml PBS 0.1 ml PBS

* 3 LMW +EATC 0.2 ml LMW 
+ 0.1 ml EATC

0.1 ml LMW 0.1ml LMW

* 4 LMW 0.2 ml LMW 
+ 0.1 ml PBS

0.1 ml LMW 0.1 ml LMW

*  5 HMW +EATC 0.2 ml HMW 
+ 0.1 ml EATC

0.1 ml HMW 0.1 ml HMW

*6 HMW 0.2 ml HMW 
+ 0.1 ml PBS

0.1 ml HMW 0.1 ml HMW

*7 CM +EATC 0.2 ml CM 
+ 0.1 ml EATC

0.1 ml CM 0.1 ml CM

*8 CM 0.2 ml CM 
+ 0.1 ml PBS-T

0.1 ml CM 0.1 ml CM

* 9 PBS-T 0.2 ml PBS-T 
+ 0.1 ml EATC

0.1 ml PBS-T 0.1 ml PBS-T

PBS-T : PB S-0.001 % T riton  X -100.

All sam ples w ere in jec ted  in trap e rito n ea lly , using s te r i le  1 ml 

sy ringes and 25  gauge s te r i le  disposable needles. The en tire
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procedure w as perform ed under s te r i le  conditions. Tumor cell 

grow th w as m onitored by weighing the m ice daily on a tr ip le  beam 

balance. Survival tim e w as recorded in days. The experim ent w as 

te rm in a ted  on day 74, a t  w hich point postm ortem s w ere perform ed 

on surviving mice. The re s u l ts  a re  in F igures 21-22 .

(2) E ffec ts  of hem agglutinins on Ehrlich a s c ite s  tum or c e lls  (EATC) 

(in v itro )

Frozen Ehrlich a s c ite s  tum or c e lls  th a t  had been s to red  in 40  % 

glycerol w ere  thaw ed a t  room tem perature . The c e lls  w ere w ashed 

th ree  tim es  w ith  10 ml of PBS follow ed each tim e  by cen trifugation  

in an In ternational Table-Top C linical cen trifu g e  fo r 3 m inutes and 

th e  su p ern a tan ts  w ere discarded. The packed c e lls  w ere d ilu ted  1 

: 10 in PBS.

(2 -a )  Light m icrographic s tu d ie s

A liquots of 50  pi of PBS and 50  pi of the EATC suspension w ere 

added to  each w ell of one row of a m ic ro tite r  p late . This row
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served a s  control. For the  se ria lly -d ilu te d  agglutinin sam ples, 

a liquo ts of 50  pi of PBS w ere  added to  each w ell of a row of the 

m ic ro tite r  p late. A 50  pi of the LMW sam ple w as added to  the f i r s t  

w ell. From th is  w ell 50  pi w as removed and added to  the  next w ell. 

This procedure w as rep ea ted  fo r each succeeding w ell thus making 

each w ell m ore d ilu te  by a fa c to r  of 2. To each of th ese  w e lls  50  pi 

of tum or c e lls  w ere added. The p la te  w as sealed , shaken fo r 3 

m inutes on a T ek ta to r P la te  Shaker (S c ie n tif ic  P roducts) and 

incubated a t  room tem p era tu re  fo r 30 m inutes. Sam ples w ere 

removed from  each w ell and exam ined by ligh t m icroscope a t  400  X 

m agnifica tion  over a tw o-hour period, using the  “hanging drop 

technique". Light m icrographs w ere  taken a s  described  on page 16.

The sam e procedure w as rep ea ted  fo r incubation of FiiW and CM 

e x tra c t (prepared in PBS-T) w ith  tum or cells. However, the control 

fo r the CM e x tra c t w as PBS-T. The r e s u lts  a re  shown in F igures 

23-27 .
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(2 -b ) Scanning e lec tron  m icrooraphic s tu d ie s

EATC (tre a te d  w ith  PBS or PBS-T, or N ereis agglu tin ins) w ere 

tra n sfe rre d  w ith  a s te r i le  p ip e tte  to  a p la s tic  p e tri d ish containing 

several p ieces of g la ss  coverslips. A fte r a period of ad justm en t fo r 

the c e lls  (usually  1-2 hours), th e  medium from  the  p e tri d ish w as 

p ip e tted  to  allow  a sm all level of medium to  rem ain over the  

coverslips  and cells. The c e lls  w ere  fixed by gradually flooding the 

bottom  of the p e tri d ish  and co v erslip s  w ith  th e  f ix a tiv e  (2% 

glutaraldehyde, 0.13 M phosphate buffer, pH 7.3, in 0.13 M sucrose) 

fo r 1-2 hr a t room tem peratu re . A fte r rinsing  several tim es  w ith  

0.13 M phosphate buffer, pH 7.3 in 0.13 M sucrose , the  coverslips 

w ere placed in a sm all w ire  m esh con ta iner and dehydrated in a

graded s e r ie s  of e t h a n o l ^ O  so lu tio n s  through to  tw o changes of

abso lu te  ethanol. The c e lls  w ere  tra n sfe rre d  from  absolu te ethanol 

through a graded s e r ie s  of ethanol-am yl a c e ta te  m ix tu res  to  

abso lu te  amyl ace ta te . The sam ples w ere  dried by the c r itic a l point 

method, mounted and coated  w ith  gold-palladium , then observed

- 7 7 -



w ith  a high reso lu tion , f ie ld  em ission  scanning e lec tro n  m icroscope 

(Cambridge S-4). T his work w as done by Deborah B ra thw aite  and 

Carlene Broderick under th e  superv ision  of Dr. Osinchak. The re s u lts  

a re  shown in F igures 2 8 -3 2  and a re  rep re sen ta tiv e  of the  w hole 

field .
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RESULTS

The re s u lts  of frac tio n a tio n  of N ereis coelom ic flu id

The coelom ic flu id  from Nereis v irens w as sep ara ted  in to  the 

p a r tic u la te  m a tte r  (m ainly coelom ocytes) and the  supernatan t by 

cen trifugation . The supernatan t w as made 1 mM TPCK and brought 

to  75% sa tu ra te d  w ith  ammonium su lfa te . A brown oily layer, 

containing the  ac tiv e  m a te ria l, sep ara ted  and flo a ted  to  the  su rface  

(Scheme 1). This brown oil w as fu rth e r  frac tio n a ted  by Sephadex 

G -100 or Bio-gel P -2 0 0  chrom atography in to  a high m olecular 

w eight frac tio n  (HMW, MW > 200 kd) a t  void volume and a low

m olecular w eight frac tio n  (LMW, MW -1 9  kd) (Figures 1 & 2).

LMW w as frac tio n a ted  by DEAE cellu lose  chrom atography into 

four ac tiv e  frac tio n s  (1-IV). They proved to  be g lycoprote ins and 

th e ir  m olecular w eig h ts  w ere 20  kd, 20  kd. 19 kd. 2 4  kd 

resp ec tiv e ly  (see  Scheme 1 fo r m ethod of iso la tion  and Figure 3 for 

DEAE chrom atography of LMW agglutinin, showing pro te in  and hexose 

determ inations).
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The HMW elu tion  p ro file  on Sepharose 4  B showed th a t  the 

hem agglutination a c tiv ity  of HMW w as spread over a w ide m olecular 

w eight range (Figures 4  & 5) and i t s  a c tiv ity  w as co rre la ted  w ith  

the  concentration  of hexose (Figure 4). The HMW frac tio n  w as 

heated  (HHMW) and fu rth e r  frac tio n a ted  by delip idation  to  give 

DL-HHMW and lipid agglutin in  (Schem e 2).

A chloroform -m ethanol (CM) e x tra c t w as obtained from  the 

coelom ocytes by Folch ex trac tio n  (Scheme 3). The CM e x tra c t w as

fu rth e r  tre a te d  w ith  a c e to n e -10% M gC^ and divided into ace to n e-

insoluble (Al) and ace tone-so lub le  (AS) frac tio n s  (See Scheme 4).
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F R A C T I O N A T I O N  OF N E R E I S  C O E L O M I C  F L U I D

COELOMIC FLUID

COELOMOCYTES SUPERNATANT

FOLCH EXTRACT + TPCK

CHCW -CH,OH EXTRACT (CM)

BROWN LAYERSUPERNATANT

SEPHADEX G - 100 
OR

BIO-GEL P - 2 0 0

LOW MW (LMW)

DEAE CELLULOSE

HIGH MW (HMW) 

MW > 200  kd

1 II III IY Specfic t i te r

7 8 7 7 5 5 4 5 5 8 3 1266 ( t i t e r /m g  pro te in /m l)

0.691 0 .1 9 0 0 .0 5 8 3.431 Sugar/Prote in

SEPHADEX G - 75 

MW 20  20  19 2 4  KILODALTONS

Scheme 1 
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Figure 1 Sephadex G -100 Chromatography of 75  % (NH4 )25 0 4

P rec ip ita te  of N ereis Coelomic Fluid Supernatant

1.028 x 10 Protein
,102 1.900 x 10

o

0 5 4010 15 20 25 30 35 45 50 55 65 7C60
Tube Number
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Figure 2 B io-gel P -2 0 0  Chromatography of 75 % (NH4 )2 S 04

P re p ic ita te  of N ereis Coelomic Fluid Supernatant

B i o - g e l  P - 2 0 0  C h rom atograp hy  o f  7 5 %  ( N H 4 ) 2S 0
Prec ip i ta te

MW >200k D 8 0 0

6 0 0
MW=l8kD

4 0 0

200

20
T u b e  N u m b e r

30 4 0
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Figure 3 DEAE-Cellulose Chromatography of Low MW Agglutinin

Elution Profile of  Low MW Agglutinin 
on DEAE -Cellulose

O.OI M Tris 0 -0 .4  M NaCI gradient 0.4 M NaCI
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Figure 4  Sepharose 4  B Chrom atography* of HMW

HMW on Sepharose 4B

3 0 0

200

100

20 30 4 0 50 6 0
Tube Number

* S cales  fo r p ro te in  and hexose are  the same.
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Figure 5 Sepharose 4  B Chromatography of HMW, HHMW and DL-HHMW

Titer

(2 n)

HHMWTiter

( 2 ")

Titer

Protein
Titer
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F R A C T I O N A T I O N  OF H M W  F R O M  N E R E I S  C O E L O M I C  F L U I D  S U P E R N A T A N T

HMW ( 1 0  runs ,  114  ml, off Bio-gel P - 2 0 0 )  

dialyzed against d H2 O, lyophilized

added 5 ml dH?0 .. . . . . n o „c dialyzed against PBS
HMW( 5  m l , 8 . 6 8  m g /m l ) ------------------------------

specific t i te r  
(overnight t i t e r /  
mg dry w t. /m l )

heated on a steam bath for 1 h r ,  centrifuged 
at 16.5 K rpm for 3 0  min.

HHMW ( 5  ml, 7.12 mg/ml)  ..^.?lVzed. pB.?_

3 3 4

2 87

dialyzed against d H2 0 , lyophilized 
added 25  ml ofCHC^-CHjOH = 2 : 1  ( v / v ) / m l  sample, 
for 2 h r s , centrifuged at 10  k rpm for 50 min.

DL-HHMW 
evaporated by N2  gas to constant wt.

supernatant

+dH20

or lyophilized

taken up in PBS 

( 3 .9 5  mg/ml)

- I R

—  GAG*

—Protein 

“ Hexose 
—Hexuronate 
-A m ino  sugar

—Sulfate or  N-sulfate 

—Sialic acid

I
aqueous phase organic phase

| | ( 4 .0 7  mg/ml)
No activity specific titer

32

specific t i te r

IR : inf rared spectrum 

GAG* : glycosami noglycan

Scheme 2
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FOLCH EXTRACTION 

Coelomic fluid from 2 5 0  Nereis worms

Supernatant Particulates 

(packedcells ,  6  ml)

1. 2 4  ml sea water

2 .CHCI3 -CH3 OH 
( 3 0  ml : 60  ml)

Supernatant Residue

CHC13 - H 2 0 ( 5 7  ml : 57  ml)

CM extract  

78  ml
( 8 8 . 7 5  mg)

Specific t i te r  
: 160 /m g /m l

Aqueous phase 

132 ml
( 1.06 g residue) 

Specific t i te r  
: 4 /m g/m l

Scheme 3
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F R A C T I O N A T I O N  OF C M  E X T R A C T  F R O M  N E R E I S  C O E L O M O C Y T E S

10 ml CM extract  from coelomocgtea (packed cel ls,  6  ml)

1. evaporated by N2 gas to dryness

2. 22.5  mg dry  wt.

3. added 1.25 ml of acetone, 0 . 0 2 2 5  ml 
1 0 ^ M g C l 2 - 6 H2 0 in methanol,

vortexed, 3tood in the ice bath for I hr.
1

acetone-insoluble
1

acetone-soluble

1. washed with 0 .2 2 5  ml cold acetone

twice, vortexed, stood in the ice bath
2 . centrifuged at the table-top centrifuge 

at medium speed for 3 min.

acetone washing

acetone-insoluble acetone-soluble

evaporated by N2  gas 

4  mg

evaporated by N^ gas 

I 7 mg

taken up in 1 0  ml 

of 0.001 % Triton 
in P B S - N ,

or taken 

up i nCHCl j

t8ken up in  1 0  ml 

of 0.001 % Triton 
in P B S -N ,

or  taken 

up in CHCI3

Specific t i te r  

. 3 6 2 0 /m g /m l

run  TLC 

{ Al ]

Specific t i t e r  

: 8 5 2 /m g /m l

run TLC 

I AS 1

Scheme 4
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The na tu re  of the agg lu tination  of r a t  RBC by N ereis agglu tin ins 

A gglutination of r a t  RBC by LMW, HMW and CM (acetone-inso lub le  

and -so lub le  frac tio n s) w as v isualized  under the light m icroscope 

(F igures 6-10). Rat RBC s ta r te d  to  clump ( ro s e tte s  form ed) 

im m ediately a f te r  adding N ereis agglutinins. The clum ps ham pered 

v is ib ility  so the fie ld  w as moved to  an area  w ith  a sp a rse r  cell 

population to  d e tec t w h eth er c e lls  had fused or agg lu tinated  in 

chains or agglu tinated  in ro se tte s . M ixtures of chains & ro s e t te s  

w ere observed. No fusion w as observed. A gglutination w as found to  

be tim e -  and concentration-dependent and to  involve "cell clumping" 

but not "cell fusion".



Figure 6 Light m icrographs of u n trea ted  r a t  RBC, 400  X

(a) 0 min

(b) 30 min



Figure 7 Light m icrographs of r a t  RBC tre a te d  w ith  Nereis LMW
agglutinin (300ug /m l) ,  400  X

7-(a )  5 min

7-(b) 30  min



7-(c )  1 hr 30  min
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Figure 8 Light micrographs of r a t  RBC tre a te d  w ith  Nereis HMW
agglutini( 1.061 m g/ml), 400  X

8-(a )  5 min

8-(b) 30 min



Figure 9 Light m icrographs of r a t  RBC tre a te d  w ith  Nerejs acetone-
insoluble lipid agglutinin (135 pLg/ml), 400  X

9 -(a )  5  min

- 9 5 -



9-(b) 30 min



Figure 10 Light m icrographs of r a t  RBC t re a te d  w ith  Nereis acetone
soluble lipid agglutinin (294 ug /m l), 400 X

10-(a) 30  min

10-(b) 1 hr 30  min
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RBC sp ec if ic i ty

Tables 1 and 2 show the RBC spec if ic i ty  profiles, (a) The order 

of RBC sp ec if ic i ty  for LMW I-111 w as r a t  »  chicken. The order of 

RBC sp ec if ic i ty  for LMW IV w as  r a t  > human (0) -  rhesus  monkey -  

African green monkey = s te e r  > guinea pig > sheep, (b) The order of 

RBC sp ec if ic i ty  for HMW w as rabb it > r a t  »  chicken, (c) The order 

of RBC sp ec if ic i ty  for CM w as r a t  > rabbit > African green monkey > 

rhesus  monkey = human (0) = guinea pig > chicken (Table 1). The 

ace tone-inso lub le  m ate ria l  from CM w as  resolved in one 

dimensional TLC. TLC bands I-111 had s ign if ican t agglutinin ac tiv ity  

aga ins t r a t  > rabb it > chicken ( but for  bands IV-V, r a t  > rabbit). The 

CM acetone-so lub le  TLC band II had sign if ican t agglutinin ac tiv ity  

aga ins t  r a t  > rabb it > chicken = guinea pig (but for band I, r a t  > 

rabbit > chicken) (Table 2).
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Table 1 Erythrocyte S p ec if ic i t ie s  for NfiDSJs. Agglutinins

CM1 HMW2 LMW FRACTIONS 
1 II III

3
IV

MW4  (kd) 20 20 19 24

RBC5 RELATIVE TITER6

Human (0) 25 0 0 0 0 2s

Rhesus monkey 25 0 0 0 0 25
African green
monkey 26 2 5 0 0 0 2 5
S tee r 0 0 0 0 0 2 5
Goat 0 0 0 0 0 0
Horse 0 0 0 0 0 0
Sheep 0 0 0 0 0 0
Rabbit 29 215 0 0 0 0
Rat 2 12 2 12 2 12 2 ’2 2 12 2 io

Guinea pig 25 0 0 0 0 24
Turkey 0 0 0 0 0 0
Goose 0 0 0 0 0 0
Chicken 22 2 2 22 2 2 22 0
Pigeon 0 0 0 0 0 0

1 : Chloroform-methanol extract.
2 : High molecular wt. fraction.
3 :  Low molecular wt. fractions off DEAE column. 
4 : Molecular weight 
5 :  Red blood cell.
6 : As defined on page 20-21 .
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Table 2 E rythrocyte  S p e c if ic i t ie s  fo r  Nereis Lipid Agglutinins 
Derived from CM

Relative T i te r3

Acetone-insoluble  Acetone-soluble
TLC bandsb 1 II III IV V 1 II

Rfc 0 0.11 0.13 0.39 0.97 0 0.95

RBCd
ra t 2 8 2 7 2 8 23.5 2 5 24.5 2 8
sheep 0 0 0 0 0 0 0
goat 0 0 0 0 0 0 0
horse 0 0 0 0 0 0 0
guinea pig 0 0 0 0 0 0 2 2
chicken 2 3 2 3 22.5 0 0 22 2 2
dog 0 0 0 0 0 0 0
rabb it 2 5.5 2 4.5 2 4.5 2 1.5 2 3.5 2 2 2 6

s te e r 0 0 0 0 0 0 0

Acetone-insoluble and -soluble fractions from CM extract treated with acetone-103 MgCl2
(a) overnight titer, titer defined on page 20-21.
(b) The TLC extracts were prepared as described on  page 48-50.
(c) Rf value in CHCIj-CHjOH-acetone-acetic acid- water = 65 : 10 : 20 : 10:3 (v/v) as

developing solvent system.
(d) 53 suspension in phosphate-buffered saline, pH 7 2  containing 0.013 sodium azide.
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Inhibition pro files

Inhibition p ro files  are  shown in Tables 3 & 4  (pp l04 -105).  The 

a c t iv i t ie s  of LMW I and II w ere  inhibited by bovine submaxillary 

mucin (BSM) > fetu in  (type III) > thyroglobulin (TG) > ovine 

subm axillary mucin (OSM) = des ia ly la ted  OSM (DsOSM) = y eas t  

invertase  (Yl) > (or =, for LMW II) mannan -  m an n o se -1-phosphate 

[Na+ and cyclohexylammonium (CH+) s a l t s  and LMW II w as  also 

inhibited by the K+ salt]. The a c t iv i ty  of LMW III w as inhibited by 

BSM = fe tu in  (type III) > TG > hog g a s tr ic  mucin (HGM) > Yl = mannan 

-  m a n n o se -1 -phosphate (CH+). LMW IV w as  inhibited by BSM -  HGM 

= fe tu in  (type 111)= m an n o se -1-phosphate  (CH+ s a l t )  > TG > DsOSM = 

Yl = mannan = m an n o se -1-phosphate (Na+ and K+ sa ltsX se e  Table 3).

The a c t iv i ty  of HMW w as inhibited by fe tu in  (type III) > BSM > 

DsOSM > OSM. (see Table 3)

The acetone-inso lub le  m ate r ia l  from CM w as  resolved by 

one-dimensional TLC. Bands I-II w ere  inhibited by BSM (type I, 

bound s ia l ic  acid 5 % ) > HGM = fe tu in  (type III) > BSM (type IS, bound 

s ia l ic  acid 12 %). Band III w as  inhibited by BSM (type I) = BSM (type
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IS) > fe tu in  (type III) > HGM. Band IV w as inhibited by BSM (type I) - 

BSM (type IS) -  HGM = fetu in  (type III) > m annose-1-phosphate (CH+ 

sa lt) .  Band V w as  inhibited by BSM (type I) = BSM (type IS) = HGM > 

mannan > fe tu in  (type III) (see Table 4).

The CM acetone-so lub le  TLC band I w as inhibited by BSM (type I) 

= BSM (type IS) = HGM = mannan > fetu in  (type III). Band II w as 

inhibited by BSM (type I) > HGM > BSM (type IS) > mannan > fetu in  

(type III) (see  Table 4). Higher s ia l ic  acid content did not make BSM 

a b e t te r  inhibitor.

From the  above re su l ts ,  BSM w as shown to be a good inhibitor of 

hem agglutination ac tiv ity  of all the components of Nereis v irens 

coelomic fluid. Since BSM is known to contain prote in  and sugar, i ts  

com position could be modified by ce r ta in  t re a tm e n ts  th a t  could 

change i t s  p ro te in  and sugar composition. This m odification and the 

concurrent change in BSM’s  inhibitory p roperties  suggested which 

p a r ts  of the  BSM molecule w ere  involved in inhibition. In Table 5 

a re  the  re su l ts ,  on the  inhibitor ac tiv ity  of heating BSM, or of 

heating i t  w ith  acid or of t re a t in g  i t  w ith  mercaptoethanol. It w as
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found th a t  (a) heating BSM for 2 hours lowered i ts  ab ili ty  to  inhibit 

hem agglutination ac tiv ity  for all frac tions  (CM, HMW and LMW). (b) 

tre a t in g  BSM w ith  0.12 N HC1 and 80°C inhibited the 

hem agglutination ac tiv ity  of CM and HMW to a le s se r  ex ten t than the 

in tac t  BSM or the heated BSM but w as  a b e t te r  inhibitor of LMW. (c) 

mercaptoethanol caused very l i t t l e  or no change in the inhibition 

property of BSM.
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Table 3 Inhibitory Effects  of Glycoproteins, Complex
Polysaccharides and Monosaccharides* on the  T ite r  of
Nereis Agglutinins against Rat RBC

Inhibitors8

1

LMWb

II III IV

HMW

BSM (1 mg/ml) + + + + +c + + + + + + + + + + + + + + + +
HGM (1 mg/ml) - d - + + + + + + -
OSM (1 mg/ml) + + + - - +
DsOSM (1 mg/ml) + + + - + + +
Fetuin
(typeIII, lmg/ml) + + + + + + + + + + + + + + + + + + + +

Yl (1 mg/ml) + + + + + -
TG( lmg/ml) + + + + + + + + + + + -
Mannose-1 -P 04

K+(5mg/ml) + - + -
Na+(5m g/m l) + + - + -
CH+(5mg/m1) + + + + + + + -

Mannan, I2F-397S
(lOm g/m l) + - - - -

M 3604.92F-3901
(20m g/m l) + + + + -

33F-3878,
(2m g/m l) + + +

a- BSM: Bovine submaxillary mucin. HGM: Hog gastric mucin.
Yl: Yeast invertase. TG: Thyroglobulin
CH+ : Cyclohexylammonium salt. OSM : Ovine submaxillary mucin.
DsOSM: Desialylated OSM. 

b- LMW l-IV samples are the active peaks (peak l-IV)eluated from DEAE column 
c- "+ “ is measure of inhibitory effect, i.e. + means lowering in titer by 2 ^, ++ means 

lowering In titer by 2 5 , + + + means lowering in titer by 2 4 , + + + + means by 
lowering in titer by 2 5  and + + + + + means lowering in titer by 2 ^. 

d- means no effect.
* -  Glucose, galactose, mannose, fucose, rhamnose.D-galacturonicacid, glucosamine, 

D-mannose- 6  phosphate, N-acetylglucosamine, N-acetylgalactosamine, N-acetyl 
-B -D -m annosam ine^O , phenyl-B-D-galactoside, 1-0-methyl-alpha-D-

galactopyranoside, 1-0-methyl-alpha-D-glucopyranoside, and l-O -m ethyl-B - 
glucopyranoside.up to 0.2  M, have no inhibitory effect.
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Table 4  The Inhibitory E ffec ts  of Glycoproteins, Complex
Polysaccharides and Monosaccharides on the T ite rs  of
Lipid Agglutinins Against Rat RBC.

Relative T iterO O  min) 
A ce to n e- in so lu b le3 A cetone-soluble3

TLC b an d s 1 II III IV V 1 II

R(b 0 0 . 1 1 0 .1 3 0 .3 9 0 .9 7 0 0 .9 5

Inhibitors
Control0 2 7 .5 2 6 2 6 2 3 .5 2 3.5 2 3 2 7

BSMd 2 3 0 0 0 0 0 0

BSMe 2 6 .5 2 2 0 0 0 0 2 4

HGM 2 6 2 4 2 2 0 0 0 2 3

Fetuin^ 2 6 2 4 2 3 0 2 2 2 1.5 2 5 .5

Mannan 2 8 .5 2 7 2 6 .5 2 3 .5 2 3 0 2 4.5

asssaaass&sssa

Control0

laaaasaaassa

2 1 1.5 2 6 .5
asass

2 6 .5
sssass

2 6
asasasssaa

0

SSSBSSS

2 2.5
asaaaa:

2 7

mannose- 1 -P O ^ 2 12 2 7 2 7 2 4 .5 2 2 2 8

mannose- 1 -P 0^ h 2 12 2 9 .5 2 9 .5 2 6 2 3.5 2 8 .5

mannose-1-PO4 1 2 12 2 7.5 2 8 2 5 .5 2 2 2 7.5

(a) Acetone-insoluble and -soluble fractions from CM extract treated with 
acetone-10SB MgCl2 .

(b) Rf in CHClj-CHjOH-acetone-acetic acid- water = 6 5 : 10: 2 0 : 1 0 :3  (v /v )  as

developing solvent system, (c)medium in all cases was 0.001 % Triton X -100 in 
phosphate buffered saline,pH 7.2 containing 0.01 % sodium azide. (d) Type I (Sigma) 
bound sialic acid 558. (e) Type IS (Sigma) bound sialic acid 1258. (f)  Type III 
(Sigma), (g) dicyclohexylammonium salt, (h ) potassium salt, ( i)  sodium salt. The 
concentration of each inhibitor was 1 mg/ml except mannan ( 1 0  mg/ml) and 
mannose-1-PO4  (5  mg/ml).
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Table 5 The Inhibitory E ffec ts  of BSM and Modified BSM on the T ite rs
of Hemagglutinins from Nereis v irens against Rat RBC

Medium CMa HMWb LMWC

Specific  t i t e r d

PBS-N3 (Control) 110 1418 3160

BSM-Control 2 44 395
BSM (heated)e 10 177 1580
BSM (heated w ith  acid)f 55 251 99
BSM (m ercaptoethanol)9 5 44 395

(a) The concentration of CM was 1.64 mg/ml.
( b) The concentration of HMW was 0.722 mg/ml.
(c) The concentration of LMW was 0.162 mg/ml.
(d) Specific titer was expressed as overnight ti te r /  mg/ml.
(e) BSM solution was heated on a steam bath for 2 hr, then d ia lled  against PBS-Nj, pH

7.2.
( f) BSM solution was treated with 0 .12 N HC1, heated on 80°C water bath for 1 h r , and 

centrifuged. The supernatant was dialyzed against PBS-Nj, pH 7.2.

(g) BSM solution ( 8  mg/ml PBS-N3 ) was dialyzed against 0.1 M Tris, pH 8.0
containing 0.2 M 2-mercaptoethanol for 48 hours at 4°C, then dialyzed against 
PBS-N3 , pH 7.2 for 48 hours at 4°C.
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The e f fe c ts  of ca tions  on the hemagglutination a c t iv i t ie s  for Nereis

agglutinins

From the r e s u l t s  of Table 6, i t  can be seen th a t  although the 

hem agglutination a c t iv i t ie s  for HMW and LMW sam ples w ere  not 

a f fec ted  by the presence of EGTA (e th y le n e -b is -(b e ta -  

am inoethy le ther)-N ,N '-te traace tic  acid), but Mg++ lowered HMW 

activ ity . The r e su l ts  a lso  showed th a t  the hemagglutination 

a c t iv i ty  of CM e x tra c t  w as inhibited by the  presence of EGTA and 

th is  inhibition could be res to red  by Ca++ or Mg++.

The e f fe c ts  of heat, p ro tease . phenol. DOlyvinylDQlypyrrQlidone 

(PVPP). periodate  and TCA denaturation  t re a tm e n ts  on the t i t e r s  of 

Nereis agglutinins aga inst r a t  RBC (Table 7)

(a) LMW (or CM) before and a f te r  t re a tm e n t  w ith  insoluble PVPP 

had the sam e hem agglutination ac t iv i ty  but PVPP sligh tly  lowered 

the ac t iv i ty  of HMW. (b) Four LMW agglutin ins (I-IV peaks off DEAE) 

w ere  h e a t- se n s i t iv e ,  pheno l-sens itive  and p e r io d a te -sen s i t iv e  but 

th e ir  a c t iv i t ie s  did not decrease  a f te r  t re a tm e n t  w ith  insoluble
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protease, (c) HMW w as h ea t- in sen s i t iv e  and perioda te -in sensit ive  

but phenol-sensitive. When the HMW sample w as  t re a te d  w ith  10% 

TCA (tr ich lo roace tic  acid), the p rec ip ita te  and supernatan t both 

re ta ined  hemagglutination activity, (d) CM ac t iv i ty  w as  h e a t -  

in sens itive  but phenol-sensitive  and periodate-sensitive .

E ffec ts  of rabbit antiserum  to  coelomic Quid qd 1hs.

hem agglutination t i t e r s  of Nereis hemagglutinins against r a t  RBC 

The r e su l ts  are  shown in Table 8. (a) Rabbit an tiserum  to

coelomic fluid lowered the hem agglutination t i t e r s  of HMW, CM, 

heated CM, LMW III and LMW IV agglutinins, (b) Heated antiserum  

los t  i t s  ab ili ty  to  inhibit agglutination, (c) Rabbit an tiserum  did not 

inhibit the  hem agglutination a c t iv i ty  of heated HMW (HHMW), 

delip idated & heated HMW (DL-HHMW), LMW I and LMW II agglutinins, 

(d) T i te r s  of LMW I and LMW II w ere not lowered by rabbit antiserum.
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Table 6 The E ffec ts  of Cations on the T ite rs  of Hemagglutinins 
from Nereis v irens  aga inst Rat RBC

Medium CMa HMWb LMWC

Specific  t i t e r*

p b s - n3 156 177 2731

ImM EGTA 39 177 2731

10mM EGTA 39 177 2731

ImM CaCl2 156 177 2731

ImM MgCl2 156 89 2731

* Specific titer : overnight titer/mg/ml.
(a) The concentration of CM was 6.56 mg/ml.
(b) The concentration of HMW was 0.722 mg/ml.
(c) The concentration of LMW was 1.50 mg/ml.
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Table 7 The E ffec ts  of Heat, P ro tease, Phenol, Polyvinyl-
polypyrrolidone (PVPP), Periodate and TCA Denaturation 
T rea tm en ts  on the T i te r s  of Nereis Agglutinins against Rat 
RBC

Treatment CM

Relative Titer (overnight) 

HMW 1 II
LMW

III IV

Control 2 11 2 to 2*2 2*2 2* * 2 io
Heated8 2 12 2 11 0 23 2< 23

Control n.d. n.d. 2*2 2* * 29 28
Protease*1 n.d. n.d. 2*2 2 10 29 28
Heated protease*1 n.d. n.d. 2 12 2* * 2 io 29

Control 2 11 2 11 2 11.5 h
Phenolc 26 28.5 23.0

Control 2 10.5 29.5 2*2
PVPP*1 2 10.5 28 2*2

Control 29 29 29
Periodate8 27.5 28.5f 26.5

Control n.d. 29.5 n.d.
10 % TCA9 PPt: 2° n.d.

supernatant : 25.5

n.d.: not determined. a : Heated on a steam bath for 1 hour,
b : Method 5 (page 62) in the degradation or denaturation treatments was followed.

The insoluble protease was from Streptomvces ariseus. 
c : Method 2 (page 58-59) in the degradation or denaturation treatments was followed, 
d : Method 3 (page 59) in the degradation or denaturation treatments was followed, 
e : Method 4-a (page 59-60) in the degradation or denaturation treatments was followed, 
f : Method 4-b (page 60) in the degradation or denaturation treatments was followed.

Periodate (up to 0.04 M) did not affect the titer of HMW. 
g : Method 6 (page 63-64) in the degradation or denaturation treatments was followed, 
h : This was done on unfractionated LMW.
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Table 8 E ffec ts  of Rabbit Antiserum to  Coelomic Fluid on the
Hemagglutination T i te rs  of Nereis Hemagglutinins against
Rat RBC

Titer( overnight) 
Sample T re a tm e n t : PBS Antiserum

Heated an t ise ru m 1

PBS (Control) 0 0 0
HMW 2 g 22.5 29.5

Heated HMW
(HHMW)2 2 9 2 10 2 I0

Delipidated &
Heated HMW

2 8 28 2 8(DL-HHMW)3
CM 2 8 24 2 8
Heated CM4 2 8.5 26 2 9
LMW 1 2 4.5 25.5 2 7
LMW 11 2 6 26.5 2 7.5

LMW III 2 5 2 1 2 8
LMW IV 2 4.5 0 2 7.5

I : Rabbit antiserum was heated on a steam bath for 1 hour.
2 : HHMW was prepared by the method ( b -2 )  in the preparations 
3 : DL-HHMW was prepared by the method ( b -3 )  in the preparations. 
4 :  CM extract was heated on a steam bath for 1 hour.
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The r e s u l t s  of Imm unoelectrophoresis of Nereis agglutinins

(a) Rabbit antibody to coelomic fluid gave tw o precip itin  bands 

below the  origin for LMW I. The hem agglutination ac tiv ity  coincided 

w ith  the p rec ip itin  line. The ac tive  region of LMW I s ta ined  for 

pro te in  and sugar (Figure 11 (a), page 114). (b) LMW II gave tw o 

p rec ip itin  lines near the origin w ith  rabbit antiserum. The ac tiv ity  

coincided w ith  the bottom prec ip itin  band. The active region of 

LMW II s ta in ed  for pro te in  and sugar (Figure 11 (b)). (c) LMW III 

gave tw o  p rec ip itin  bands near the origin w ith  antiserum. The top 

p rec ip itin  line gave hem agglutination activ ity . It w as  also  found 

th a t  another region had agglutination ac tiv ity  but did not give a 

p rec ip itin  line w ith  rabb it  antiserum . The ac tive  regions all s ta ined  

fo r  p ro te in  and sugar (Figure 11 (c)). (d) Antiserum gave one

prec ip itin  band near the  origin w ith  LMW IV. The hemagglutination 

a c t iv i ty  occurred in the region which coincided w ith  the prec ip itin  

line and another region having no p rec ip itin  line. The active  regions 

all s ta ined  for pro te in  and sugar (Figure 1 1 (d)). (e) HMW gave two 

p rec ip itin  bands near the  origin w ith  rabb it antiserum.
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No prec ip itin  bands appeared for HHMW and DL-HHMW but 

hem agglutination ac tiv ity  remained in the sam e region, which also  

s ta ined  for pro te in  and sugar. The active  regions of HMW and HHMW 

but not DL-HHMW also  s ta ined  for lipid. Heating had destroyed the 

antigenic de term inant but not the activity . Delipidation caused the 

disappearance of lipid stain ing in DL-HHMW and of an ac tive  

faster-m oving  l ip id -pos itive  spot and the appearance of an ac tive  

proteoglycan spot which had moved away from the origin in the 

opposite d irec tion  (Figure 12(a)-(c)). (f) CM agglutinin gave no 

prec ip itin  line w ith  rabbit antiserum. The ac tive  sm ear regions 

s ta ined  for lipid, sugar and also  w ith  Coomassie blue (Nakamura e t  

al (76) had reported  th a t  Coomassie b ril lan t blue could s ta in  lipid 

on th in -lay e r  p la te s  ). The s ta in  may be due to  lipid or to  protein.
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Figure 11 Immunoelectrophoresis of LMW Agglutinins

( a )  LMW DEAE peak I ( c )  LMW DEAE peak HI
Slice Na

(b )  LMW DEAE peak H

e

I I 115

135 10

10

I 2 3 4 5 6 7 8
— A —+ B + — C — +-D-4—-E— h

jrn
Slice N a 

15

30
30
30

-38

10

5

I
I 2 3

I-— A —*H-B-
4 5

—  C —
6 7 8

-DH— E — H

(d ) LMW DEAE peak I V

r n
3 4  5 6 7 8

-B-+— C -----•*— D-*— E — ■

Wells 1 & 8 : T rack in g  dye (except LMW III plate, well 1 contains LMW III) 
Wells 2 -7
Part A 
Part B 
Part C 
Part D 
Part E

LMW prep
Immunodiffusion with rabbit antiserum to coelomic fluid 
Lipid stain 
Carbohydrate stain 
Protein stain
0 means activity overnight. The other numbers designate the time elapsed 
in minutes before activity was observed.

-1 1 4 -



Figure 12 Imm unoelectrophoresis of HMW Agglutinins
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Figure 13 Immunoelectrophoresis of CM Agglutinin
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Studies on.HUW

The com position and a c t iv i ty  of HMW. HHMW and_DL-HHMW

The r e s u l t s  of Table 9  showed th a t  heating lowered the  t i t e r  of 

HMW s lig h tly  and delip idation of HHMW low ers the sp ec if ic  t i t e r  

further. The e x trac ted  lipid showed some ac tiv ity  (Scheme 2). 

Q uan tita tive  analyses  (Table 9) showed th a t  s ia l ic  acid and 

N -su lfa te  w ere  absen t in all th ree  frac tions . There w ere  only 

t r a c e s  of phosphorus and pentose. Hexose, protein, hexuronic acid, 

hexosamine and su lfa te  (as  O -este r)  w ere  present. Hexuronic acid 

and hexosamine w ere  p resen t in equal amount. A m etachrom atic  

reac tion  w as  observed fo r  DL-HHMW w ith  the ca tion ic  dye, 

d im ethylm ethylene blue in the  p resence of guanidinium chloride 

(Figure 14). Hyaluronic acid and DNA do not r e a c t  under these  

conditions (47). The infrared  (IR) and Fourier transfo rm  infrared 

(FTIR) ana lyses  of DL-HHMW (Figures 15), showed a hexose-6 -  

su lfa te  e s t e r  [having absorption a t  1243 cm-1 (su lfa te )  and 813 

cm-1 (eq u a to r ia l-6 -su lfa te ) ]  and amide bands [having absorption a t  

1661 cm -1 (amide I) and 1536 cm-1 (amide II)]. The l a t t e r  is  

probably due to  the  pro te in  moiety as  w ell a s  to  N-acylhexosamine.
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Table 9  Composition and A ctiv ity  of HMW Before and A fte r  Heating 
(HHMW) and Delipidation (DL-HHMW)

P reparation

P ro te in 1 (m g/m l)
Hexose 2  (m g/m l)
GAG3 (m g/m l)
Pentose4 (mg/m1)
Hexuronate6 (mg/m  1)
S ia lic  ac id6
Amino sugar7 (m g/m l)
N -su lfa te6
Sulfur9
Phosphorus9
S u lfa te  10(m g/m l)
Dry w eigh t (m g/m l) 
T i te r
Specific  t i t e r 1 1

HMW (%) HHMW (5?) DL-HHMW (%

1 .505(17) 0 .8 9 6 (1 3 ) 0 .4 6 0 (1 2 )
2 .0 4 0 (1 4 ) 1.785 (25) 1.20 (30)
1.33 (15) 1.30 (18) 0.88 (22)
0.072 ( 1) 0 .060 ( 1) 0 .044  ( 1)
0 .575 ( 7) 0 .520 ( 7) 0.356 ( 9)
0 0 0
n.d.12 n.d. 0 .329 ( 8)
n.d. n.d. 0
n.d. n.d. (2.4)
n.d. n.d. (0.5)
0 .744 ( 9) 0 .500 (7.0) 0 .277 (7.0)
8.68 7.12 3.95
2 1 1.5 2 11 2 9
3 3 4 287 132

^BioRad method [Bradford, 1976].
2 Phenol-sulfuric method [Dubois, e ta l., 1956].
3Dimethylmethylene blue method [Chandrasekhar, 1987]. Using chondroitin sulfate B 
as a standard.

40rcinol method [A. H. Brown, Arch. Biochem. J_L, 269 (1946)].
5Carbazole method of Dische and of Bitter and Muir [Chaplin and Kennedy, 1986].
6Jourdian's and Warren’s methods [Chaplin and Kennedy, 1986].
7 Morgan-Elson method [Chaplin and Kennedy, 1986].
8Z. Dische and E. Borenfreund, J . Biol. Chem. 184.5 1 4 (1 9 5 0 ) .
^Schwarzkopf Microanalytical Laboratories (Woodside, N.Y.).
1 °Carney method [Chaplin and Kennedy, 1986].
* 10 vernight tite r divided by dry weight ( mg/ml).
*2Not determined.
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Figure 14 Reaction of Proteoglycan w ith  Dimethylmethylene Blue 
(DMB)

1 Water
2  DMB

3 - 7  C hondroitin-6-S04 
+  DMB 

8-11 DL-HHMW 
+  DMB

550 610

* The concentrations of chondroitin-6-SO^ in curves 3 -7  were 1 tig/m l, 2  |ig /m l, 

3 |lg /m l, 4 p.g/ml and 5 |ig/m l respectively.

The concentrations of DL-HHMW in curves 8-11 were 31 pg /m l, 62 Tig/ml, 93 
Ug/ml and 123 Jig/m 1 respectively.
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Figure 15 Infrared (IR, top) and Fourier transform  infrared (FTIR, 
bottom) sp ec tra  of DL-HHMW
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The e f fe c ts  of enzyme and chemical t re a tm e n ts  o n _ t i te r  and

m etachrom atic  spectrum  of DL-HHMW (Table 10)

When DL-HHMW w as t re a te d  wih th ree  known GAG 

(glycosaminoglycan) depolym erization enzymes (chondroitinase ABC, 

kera tanase  and heparinase II) neither the t i t e r  nor the 

m etachrom atic  spectrum  of DL-HHMW changed while the s tandards  

chondr.Q.it jn su,lfate..A .or B or C, keratan. Su lfa te  and hepar in (sodium) 

respec tive ly  showed diminution of the DMB reaction. Periodate, 

pronase and desu lfa tion  tre a tm e n ts  did not change the t i t e r  of 

DL-HHMW.

Studies-on CM

Analyses of spo ts  e lu ted  from 2D TLC of acetone-insoluble  (Al) from 

Nereis coelom ocytes

(1) G roup-specific  reagen ts

Al w as  reso lved  by tw o dimensional thin layer chromatography 

on s i l ic a  (2D TLC) (Figure 17). The individual spo ts ,  visualized w ith

12 , w ere  charac te r ized  w ith  group-specific  spray reagen ts  (Table
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11). Spot 3, which had a spec ific  t i t e r  of 5 1 7 /m g /m l contained 

phosphate, choline and vicinal -OH. Spot 10-11 which had a spec ific

t i t e r  of 5 6 7 /m g /m l contained phosphate, -NH2 and vicinal -OH but

no reducing sugar. The position  of spot 10-11 in two dimensional 

TLC p la te  w as  close to  th a t  of dioeloylphosphatidylethanolamine 

(DOPE).

(2) Infrared sp e c tra  (IR) (Figure 18 and Table 11)

The IR spectrum  of spot 3 showed th a t  i t  had C=C (3020 cm - 1 ), 

f a t ty  acid e s te r (1 7 3 0  cm - 1 ), phosphate [the absorption band is  very 

broad, which included P=0 (bonded, 1270 cm- 1 ), P-O-C and 

P -0 - ( 1 100 cm - 1 )]. The IR spectrum  of spot 10-11 showed th a t  it 

had e s te r  ( 1730  cm - 1), ammonium (1580 cm - 1 and 3100  cm- 1), and 

phosphate [P=0 bonded (1270  cm - 1 ) and P-O-C-  near 1100 cm - 1 ] 

group and one or more long carbon chains (730 cm- 1 ).
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Analyses of spots eluted from 2D TLC of acetone-soluble (AS) from 

Nereis coelomocytes

The re su l t  of 2D TLC of AS is shown in Figure 19. The individual

spots , v isualized  w ith  \2 , w ere  characterized  by group-specific

spray reagen ts  and the r e su l ts  are shown in Table 12. The m ost 

ac tive  spo ts  w ere  near  the origin. Spot 1 had -NH and vicinal -OH. 

This work w as done by loannis Patrikios.
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Table 10 The E ffec ts  of Enzyme and Chemical T rea tm en ts  on T i te r  
and M etachrom atlc Spectrum of Heated & Dellptdated HMW 
(DL-HHMW) ag a in s t  Rat RBC

Treatment
spectrum

Relative Titere Metachromatic

-  Periodate 2 9.5 N.D.f
+ Periodate
(0.1M NalO ĵ, 96 hrs) 2 10.5 N.D. f

-  Pronase =m=W  ===”  = N.D.f
+ Pronase
(1 SB by wt, 20  hrs) 2 9.5 N.D.f

Control 2 8 N.D.f
Desulfation8 2 8 N.D.f

Control 2 8.5 +
ChondroitinaseABC8
(0 .5  units, 2 hrs) 2 8.5 +

Control 2 11 +
Keratanase0
(1  unit, 2 hrs) 2 1 I +

Control 2 ^ +
Heparinase 11̂
( 2 u n its ,2 hrs) 2 9 +

a : The procedure of Nagasawa et al (1977) which involved N-acetylation was used. The 
titer did not change but the IR spectrum changed slightly, 

b : The standard, chondroitin sulfate B, is degraded under this condition as judged by 
loss of metachromicity. The method of Chandrasekhar (1967) was used, 

c : The standard, keratan sulfate, is degraded under this condition as judged by loss of 
metachromicity. The method of Chandrasekhar (1 9 8 7 ) was used, 

d : The standard, heparin sodium, is degraded under this condition as judged by loss of 
metachromicity. The method of Chandrasekhar (1 9 8 7 ) wss used, 

e : Overnight titer, 
f :  Not determined.

-1 2 4 -

/



Figure 16 S tru c tu re s  of some m ajor glycosaminoglycans
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Figure 17 Two Dimensional TLC on S ilica  Gel of Actone-lnsoluble 
Fraction from CM Extract of Coelomocytes T reated  w ith  
A ce to n e-10% MgCl2 (in Methanol)

7.5

1. chloroform-methanol-acetone-acetic acid-water [6 5 : 1 0 : 2 0 : 1 0 :3  ( v/v)]
2 . chloroform-methanol- conc. ammonia [ 6 5 : 2 5 :5  (v /v)]
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Table 11 Analyses of sp o ts  e lu ted  from 2D TLC of Al from Nereis 
coelom ocytes

Spot No.
Test 1 2 3 4 5 6 7 8 9 10--11 12 13 14 15

12  vapor + + + + + + + + + + + + + +

Phosphate + + + + + + + - + - - - -
Choline + + + - + + - - - - - -
- nh2 + + -  + + - + + + + + - +

-NH group + + + + + + + + + + + + - +
(weak)

Vicinal-OH + + + 4 + - + - - + +
reducing sugar+ + + + - - - - - -
sugar + + + + - - - - - -
Sterol +

Characteristic
IR absorption 
bands (cm-
Ester (1730) + + + + n.d. n.d. n.d. n.d. n.d. + n.d. n.d. n.d. n.d.
C=C(3 0 2 0 ) - - + -  n.d. n.d. n.d. n.d. n.d. - n.d. n.d. n.d. n.d.
Phosphate
(P=0 bonded,
1270 .P-O-C
andP-O" ,
1 1 0 0 ) + + + + n.d. n.d. n.d. n.d. n.d. + n.d. n.d. n.d. n.d.

(broad)
N+(CH3 ) 3

(9 7 0 ) + -  n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Titer
(overnight) 27-5 26 29 2 n.d. n.d. 0 25 5 n.d. 26 n.d. n.d. 23.5 23.5
Specific activity
(Titer/mg dry wt.
/ml) 54 96 517 320 n.d. n.d. o 226 n.d. 567 n.d. n.d. 106 106

Al : Acetone insoluble Traction from CM extract treated with acetone-1 OX MgCI2.
n.d.: not determined.
Spots ( *  1 -1 5 )  are shown in Figure 17.
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Figure 18 (a) The IR S pectra  of Spot 3 (Top) and Spot 10-11 
(Bottom) Eluted from 2D TLC of Al
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Figure 18 (b) The IR S pec tra  of Dioleoylphosphatidylinositol (DOPI, 
top) and Dioleoylphosphatidylethanolamine (DOPE, bottom)
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Figure 19 Two Dimensional TLC on S il ica  Gel of Acetone-Soluble
Fraction from CM Extract of Coelomocytes Treated w ith
Acetone -10% MgCl2  (inMethanol).

1. Hexanes: ethyl ether : acetic acid [8 0 : 20 : 1 (v /v )]
2. Hexanes: ethyl e th e r : acetic acid [ 9 0 : 10: 1 ]
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Table 12 Analyses of Spots Eluted from 2D TLC of AS from Nereis 
coelomocytes

Spot No.
Test 1 2  3 4 5 6 7 8 9 10 11 12 13 14 15

I2 vapor + + + +  + +  + + + + + + + + +
Phosphate - - - - - - - - -  - - -  _ _ _
-NH2 - - -  - -  _ -  - - - - -
Choline - - -  - -  - -  - -  -  - -  _ _ _
-NH group + - - - - - - - - -  - -  _ _ _
vicinal-OH + +  - - + - - - - -  + - -  - -
Ganglioside - - - - - - - - -  -  - -  _ _ _
sugar - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Ester test - - n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Titer
(overnight)

25 24 2 15 22 22 22 0 0 0 0 0 0

AS : Acetone soluble fraction from CM extract treated with acetone-1075 MgĈ -
n.d.: not determined.
Spots (# 1-15) are shown in Figure 19.
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Experiments w ith  Ehrlich a s c i te s  tum or c e l ls  (EATC)

(1) In vivo experim ents

(a) Dose of c e l ls  to  in je c t  into t e s t  m ice (Figure 20)

The th re e  m ice in jec ted  w ith  107 EATC /m ouse, died by day 21. 

Mice in jec ted  w ith  5 x 105 tum or c e l ls  fa iled  to  show s ign if ican t 

w eigh t gain (a t t r ib u ta b le  to  tum or grow th) by day 21 (Figure 20). 

Mice th a t  received  106 to  5  x 106 tum or c e l ls  showed a very large 

w eigh t gain in a t  le a s t  one mouse in each group. These d a ta  implied 

th a t  a dose of 106 tum or c e l ls  would be an optimal dose of EATC to  

in je c t  into t e s t  mice. The m ice which received more tum or ce l ls  

finally  gained le ss  w eigh t due to  i l ln e ss  (2 x 106 , 5 x 106 ) o r did 

not survive (1O7).

(b) The e f fe c t  of the Nereis f ra c t io n s  on the grow th of Ehrlich

a s c i te s  tum or c e l ls  in CF^ m ice (i) Mice given in jec tions  of (106 )

EATC and s te r i l e  PBS (group 1), had an average w eight gain of about 

17 g /m ouse  by 2 5  days a f te r  tum or inoculation. The increase  in 

body w eight, w as  due to  the  accum ulation of a s c i t ic  flu id  (Figure 21 

(b)). This can be compared w ith  m ice given in jec tion  of PBS only
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(group 2, see  Figure 21 (a)), w here there  w as no large weight gain. 

At the end of the experim ent (day 74), only one mouse of group 1 

remained alive (Figure 22). This mouse had shown observable signs 

of tum or growth around day 20; however, by day 28 it s ta r te d  to 

lose weight. It w as sac r if ied  on day 74. There w as  no a sc i t ic  fluid 

in the peritoneal cavity.

(ii) We used PB5-T w ith  EATC for group 9 because CM ex trac t  

w as dissolved in PBS-T [There w as  no large w eight gain when 

t re a te d  w ith  PBS-T alone (data  not shown)]. It showed an average 

w eight gain of about 12 g /m ouse 25  days a f te r  tumor inoculation. 

At the  end of the experim ent (day 74), only tw o mice remained alive 

(Figure 22). One of th ese  tw o surviving mice had abdominal f a t  and 

the o ther  mouse showed one large lymph node.

(ii i)  The mice given in jec tions  of the low m olecular weight 

f rac tion  and EATC (group 3) showed an average growth increase of 

about 7 g/m ouse, w ith  all m ice in the group surviving to day 7 4  

(Figure 21 (b)). The control group (group 4), which had received the 

low m olecular w eight f rac tion  but no tumor ce lls ,  did not shown any
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side e ffec ts .  It indicated th a t  the  tox ic ity  of the low m olecular 

w eight frac tion  w as  minimal a t  th is  dose level. All the mice in 

group 3 showed no a s c i t ic  fluid and th ree  of th ese  5 surviving mice 

in group 3 showed s igns  of abdominal fat.

(iv) The mice receiving the high m olecular weight f rac tion  and 

tum or ce l ls  (group 5), showed an average w eight gain on day 42 of 

17 g/mouse. The increase  in body weight, w as  due to the 

accumulation of a s c i t ic  fluid (Figure 21 (b)). Only th ree  mice had 

survived by day 7 4  (Figure 22). The tox ic ity  of th is  frac tion  w as 

also  minimal, s ince control mice in jected  w ith  the  high m olecular 

weight frac tion  and no tum or ce l ls  (group 6), showed no toxic 

symptoms. The w a te r  b o tt le  of the cage of the  control group had 

fallen  down on days 4 -7 ,  i t  showed a large w eight loss  of 7 g /m ouse 

and one mouse w as  dead on day 7 (Figure 21 (a)). The surviving 3 

mice of group 5 when autopsied on day 7 4  showed signs of f a t  but no 

a s c i t ic  fluid in the peritoneal cavity.

(v)The mice given the CM e x tra c t  and tum or ce lls  (group 7), 

showed an average increase  of 5.9 g /m ouse by day 14 and then the
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growth r a te  declined (Figure 21 (b)). One mouse died on day 28, the 

o ther mouse died on day 35, the th ird  one died on day 37  and the re s t  

of the mice (2 mice) died on day 4 4  (Figure 22). Postm ortem  

exam inations w ere  done . The mouse th a t  died on day 28 showed 

a s c i t ic  fluid in the peritoneal cavity  but the r e s t  of the m ice did not 

show any a s c i t ic  fluid in the peritoneal cavity  or any so lid  tumor 

cells. All the  control mice in jec ted  w ith  CM e x tra c t ,  but no tumor 

ce l ls  (group 8) w ere  healthy (Figure 21 (a)). It indicated th a t  the 

tox ic ity  of the  CM e x tra c t  w as  minimal a t  th is  dose.

(2) In v i tro  experim ents  (Figures 2 3 -3 2 )

(a) Light m icroscopic s tu d ie s

The light m icroscopic s tu d ie s  showed th a t  Nereis hemagglutinins 

a ffec ted  Ehrlich a s c i te s  tum or ce l ls  in vitro. Tumor c e l ls  incubated 

w ith  PBS (Figure 23) or PB5-T (Figure 26) showed single  ce lls  

throughout the  fie ld  of vision and th e re  w ere  no changes in th e se  for 

up to tw o hours. LMW caused sw elling  of the tum or ce lls  w ith in  two 

hours (Figure 24). A fte r  tw o hours the ce l ls  w ere ruptured. This

-1 3 5 -



w as evidenced by the irregular shaped ce lls  and cell con ten ts  th a t  

w ere  f loa ting  in the fie ld  of vision under the microscope. 

Agglutination of the tum or ce l ls  by HMW w as observed (Figure 25). 

Swelling and rupturing la te r  of the tumor ce lls  w ere  observed w ith  

CM (Figure 27 (a), 1 hr). However the ruptured ce lls  and th e ir  

con ten ts  seemed to become clumped (Figure 27 (b), 2 hr).

(b) EM s tu d ie s

The r e s u l t s  of EM s tu d ies  showed th a t  (i) The s ize  of the tumor 

cell in PBS (Figure 28) or PBS-T (Figure 31) w as about 10 pum. (ii) 

The s ize  of the tum or cell became sm alle r  and some of the ce l ls  

ruptured in the case  of EATC w ith  LMW (Figure 29). (iii) The tum or 

ce l ls  agglutinated when EATC in te rac ted  w ith  HMW (Figure 30). (iv) 

A large cavity  formed on the su rface  of the tumor cell when EATC 

w ere  t re a te d  w ith  CM (Figure 32). The re su l ts  shown are  

rep resen ta t iv e  of the whole fie ld  in each case.
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Figure 20  The Determination of the  Optimal Number of EATC Needed 
fo r  Tumor Growth in Mice
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Figure 21 (a) E ffec ts  of in traperitoneal in jection of Nereis 
agglutinins or PBS on mice over 70 days
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Figure 21 (b) E ffec ts  of in traperitoneal in jec tion  of Nereis
agglutinins, or PBS, or PBS-T on the growth of Ehrlich 
a sc i te s  tum ors in mice
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Figure 22 The surviving number of mice given Nereis agglutinins 
following in traperitoneal in jection  of Ehrlich a sc i te s  
tumor ce lls  (106 ce lls)
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Figure 23 Light micrographs of Ehrlich a s c i te s  ce lls  (10
/m l)  tre a ted  w ith  PBS

(a) 30  min, 400  X

(b) 2 hours, 400  X



Figure 2 4  Light m icrgraphs of Ehrlich a s c i te s  tumor ce l ls  tre a ted
w ith  Nereis LMW agglutinin (1.60 mg/ml), 30  min, 400 X
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Figure 25  Light micrograph of Ehrlich a s c i te s  ce l ls  t re a te d  w ith
Nereis HMW agglutinin (0.722 m g/ml), 2 hrs, 400  X

Figure 26 Light mirograph of Ehrlich a sc ie s  tumor ce lls  tre a ted  
w ith  PBS-0.001% Triton X -1 0 0 ,  1 hr, 400  X
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Figure 27 Light micrographs of Ehrlich a sc i te s  tumor ce l ls  t re a te d
w ith  Nereis CM e x tra c t  (from coelomocytes, 1.64 m g/m l)

(a) 1 hr, 400 X

(b) 2 hrs, 400 X
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Figure 28 Scanning e lectron  micrograph of EATC and PBS (X 4700)
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Figure 29 Scanning e lec tron  micrograph of EATC and LMW (1.60
m g/m l) (X 4200)

j4r 10 Ai m
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Figure 30 Scanning e lec tron  micrograph of EATC and HMW (0.722
mg/m! XX 1400)
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Figure 31 Scanning e lec tron  micrograph of EATC and 0.001 % Triton
X-100 in PBS (X 4900)
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Figure 3 2  Scanning e lec tro n  micrograph of EATC and CM ex tra c t
(from coelomocytes, 1.64 mg/ml)(X 4500)
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Studies of hem agglutination ac tiv ity  of PE w ith  d if fe ren t C-18

fa t ty  acid side chains (Table 13)

This study w as in it ia ted  for several reasons. (1) There are  

conflic ting  rep o rts  in the l i te ra tu re  about the  hemagglutininating 

ac tiv ity  of d iffe ren t PE's. Forbes and cow orkers ((34) reported  th a t  

egg PE and DOPE agglutinated mouse RBC. Kawai (33) reported  th a t  

PE w as not an agglutinin. (2) One of Nereis lipid agglutinins 

behaves like PE on 2D-TLC. Pure syn the tic  PE would be a good 

model system  for th is  activ ity . We found th a t  DOPE (Avanti Polar 

Lipids) showed no agglutination ac tiv ity  a f te r  heating a chloroform 

solution to  dryness on a s team  bath  for 1 hour and dissolving in 

80% ethanol. However heating DOPE in the  presence of t ra c e  

amounts of w a te r  for 1 hour (specific  t i t e r  = 4 0 9 6 /m g /m l)  or dry 

for 3 or 6 hours (spec if ic  t i te r ;  4 0 9 6 /m g /m l and 3 2 7 6 8 /m g /m l 

respec tive ly )  produced a powerful agglutinin. DEPE (heated w ith  

w a te r  for 1 hr), DLPE (heated w ith  or w ithout w a te r  for  1 hr) and 

DLNPE (heated w ith  or w ithout for 1 hr) had hem agglutination 

a c t iv i t ie s ,  w hile  D5PE did not have hem agglutination ac t iv i ty  a f te r
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any of th ese  trea tm en ts .  Standard MOPE caused cell lys is  but DOPA 

had a spec ific  t i t e r  of 1448/m g/m l. TLC of the DOPE sam ples on

s i l ic a  in CHC^-CH^OH-acetone-acetic acid-H20  = 65  : 10 : 20  : 10 : 

3 (v /v) showed the sam e spot w ith  the sam e as  fo r  the unheated 

inactive sample (Rf = 0.328). In th is  solvent, MOPE sample showed 

the sam e Rf as  the unheated inactive sam ple In CHC^-CHjOH-conc. 

ammonia = 65 : 25 : 5 (v /v) (Rf = 0.558). DOPA stayed  near the 

origin (Rf = 0.108) but MOPE had an Rf = 0.225. S ilica  gel TLC of

m ix tu res  of s tandards  showed the sam e Rf's a s  the individual

components chromatographed sw parate ly . The IR sp ec tra  of the 

inactive and active  DOPE sam ples  w ere  the  same. The inactive and 

ac tive  m a te r ia ls  from DLPE and DLNPE gave positive  perioda te -  

Schiff t e s t s  while the  ac tive  m a te r ia ls  from DEPE and DOPE gave 

weak responses.
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NMR sp ec tra  of DOPE (heated w ith  w ate r)  and DOPE (No)

Figure 33 shows the  numbering system  for DOPE and , 3 C 

chemical sh if t  assignm ents. Figure 3 4  shows th a t  the spectrum  of 

the  modified ac tive  DOPE w as s ligh tly  d iffe ren t from th a t  of the 

standard. The s igna ls  a t  63.9 ppm due to  -CH-O-P- in O-acyl 

glycerol (sn-1), 70.3 ppm due to  -CH-O-CO-R, in s n -2 -e s te r i f ie d  

glycerol, 173.1 ppm and 173.4 ppm due to  R-CO-acyl e s te r  carbonyl 

group w ere  diminished as  compared to  neighboring signals  of some 

magnitude. A new signal a t  67 ppm due to  -CH-OH, sn -2  in glycerol

appeared. The peaks a t  129.7 ppm (due to  C g  a t  = bond) and 130 ppm 

(due to C j0 a t  = bond) s ligh tly  changed.

-1 5 2 -



Table 13 Analyses of DOPE, DOPA, MOPE, DSPE, DEPE, DLPE, and 
DLNPE

Sample Specific titer* Rf on silica TLC 
Solvent Aa Solvent Bb

D0PE(N2 )c 0 0.328 0.558

DOPE (A ) 1 hrd 0 0.328 0.558
3 hr 4096 n.d. n.d.
6 hr 32768 n.d. n.d.

(A +H20) 1 hre 4096 0.328 0.558
DSPE (N2 )c 0 n.d. n.d.

(A ) 1 hrd 0 n.d. n.d.
(A  + H20) 1 hre 0 n.d. n.d.

DEPE (N2 )c 0 n.d. n.d.

(A ) 1 h rd 0 n.d. n.d.
(A  + H20) 1 hre 2048 n.d. n.d.

DLPE(N2 )c 0 n.d. n.d.

(A ) 1 hrd 2048 n.d. n.d.
(A + H20) 1 hre -f 2048 n.d. n.d.

DLNPE(N2 )c 0 n.d. n.d.

(A ) 1 hrd 512 n.d. n.d.
(A  + H20) 1 hre >* 128 n.d. n.d.

DOPA 1448 0.582 0.108
MOPE cell lysis 0.082 0.225

* :  Overnight titer/mg/m l.
a : Solvent A system was chloroform-methanol-acetone-acetic acid -water = 6 5 : 10 

2 0 : 10:3 (v /v).
b: Solvent B system was chloroform-methanol— cone ammonia = 6 5 : 2 5 : 5 (v/v).
c : PE was evaporated by N2 and made 1 mg/ml of solution in 80 % ethanol.

d : PE was heated on a steam bath for 1 h r or heated on Multi Blok heater (American 
Scientific Products) for 3 or 6 hours and made in 1 mg/ml of solution in 80 5? 
ethanol.

e : PE W8s heated with traces of water on a steam bath for 1 hour and dissolved in 805? 
ethanol at a concentration of 1 mg/ml.

f : Heated samples were not all soluble in 805? ethanol. The ppt was centrifuged off and 
the clear supernatants were titered.
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Figure 33 S truc tu re  of DOPE w ith  number assignm ents  and 
assignm ents  (77, 78)
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Figure 3 4  13C NMR Spectra  of Dioleoylphosphatidylethanolamine* 
(DOPE, heated w ith  w ater; top) and DOPE* (N2 , bottom)
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* • 5 mg of DOPE ( heated with water) was dried by lyophilizer/ or DOPE ( N2) was
dried by rotatory evaporator and taken up in deuterochloroform ( with TMS, 
Cambridge Isotope Laboratories (Woburn, MA)) and transferred to the NMR tube 
( Wilmad Glass Company) and filled up to 4 cm. The 75.469 MHz 13C NMR spectra 
of DOPE samples were obtained with FTNMR spectrometerNR/300 ( IBM 
instruments I nc.). The spectral width was 17241 Hz and gated broad-band proton 
decoupling with NOE was used. The delayed time between pulses was 4.000 s. The 
number of scans collected from 13657 to 10177.
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DISCUSSION AND CONCLUSIONS

The coelomic fluid supernatan t of Nereis v irens  w as resolved 

into LMW and HMW hem agglutinins (Scheme 1). A lipid ex tra c t  (CM) 

from the p a r t ic u la te  m a t te r  (mainly coelomocytes) a lso  

agglu tinated  RBC (Scheme 1). The nature  of the hemagglutination 

of r a t  RBC by Nereis agglutinins w as  t im e -  and concentra tion- 

dependent involving "cell clumping" but not "cell fusion" (Figures 

6-10). Nereis agglutin ins (LMW, HMW and CM) before and a f te r  

t re a tm e n t  w ith  insoluble PVPP, which is known to be able to 

remove polyphenolic compounds, showed very l i t t l e  or no change in 

hem agglutination ac t iv i ty  (Table 7). It suggested th a t  the 

agglutin ins from Nereis v irens w ere  not polyphenol ic compounds.

LMW

LMW agglutinin w as Ca++/Mg++-independent because i t s  

hem agglutination ac t iv i ty  w as not a ffec ted  by the presence of 

EGTA ( a sp ec if ic  chela ting  reagent for the d ivalent cation) (Table 

6). LMW ac tiv i ty  was, however, phenol- & p e r io d a te -sen s it iv e

- 1 5 6 -



(suggesting vicinal diol s tru c tu re  w as required for activity). LMW 

w as fu r th e r  f rac tio n a ted  by DEAE-cellulose chromatography into 

four ac tive  agglutinins (peak I, II, III, IV) w ith  MW. 20, 20, 19, 2 4  

Kd respec tive ly  (Scheme 1 and Figure 3). All four agglutinins w ere 

h e a t - se n s i t iv e  and insoluble p ro te a se - re s is ta n t  (S treptom yces 

griseus) (Table 7). Each had spec ific  RBC and inhibition profiles. 

The hexose /p ro te in  (m g/m l) ra t io s  of LMW peak I, II, III, IV w ere 

0.691, 0.190, 0.058, 3.431 respective ly  (see Scheme 1) and 

suggested th a t  LMW agglutinins w ere  glycoproteins. The only 

m onosaccharide inhib itor for all four agglutinins w as 

mannose-1 -phosphate (dicyclohexylammonium sa l t )  (Table 3). They 

w ere  also inhibited by BSM, fe tu in  (type III), thyroglobulin, y eas t  

invertase  and mannan. Immunoelectrophoresis of each LMW 

frac tio n  gave p rec ip itin  lines which coincided w ith  a reas  of 

hemagglutination. The agglutinin bands s ta ined  for protein  and 

vicinal diol suggesting  carbohydrate content. Based on 

e lec trophore tic  m igration  a t  pH 8.3, LMW I w as cationic, LMW II 

w as neutral, LMW III & IV w ere  anionic. Although th is  experiment



suggested th a t  LMW III and IV corresponded to  the  same agglutinin, 

they showed d if fe ren t RBC spec ific i t ies .

In in vivo experim ents, all the mice receiving LMW and Ehrlich 

a s c i te s  tum or ce l ls  showed an average grow th increase of about 7 

g /m ouse (Figure 21 (b)), all survived to the end of the experim ent 

and showed no a s c i t ic  fluid although postm ortem  examination 

showed th a t  th ree  of the  five surviving mice had signs of abdominal 

fa t  which w as  not s ignificant. The mice receiving LMW alone 

(control) did not show any side e f fe c ts  (Figure 21 (a)). These 

r e s u l t s  indicated th a t  LMW pro tec ted  mice from p ro life ra tion  of 

Ehrlich a s c i te s  tum or cells. In v itro , LMW sw elled  EATC w ith in  two 

hours and ruptured them th e re a f te r  (Figures 2 4  qnd 29). It 

suggested th a t  the perm eability  of the cell membrane w as 

destroyed by LMW.

my
HMW is found to  be a Ca++/Mg++-independent agglutinin w ith  

s trong agglutination a c t iv i ty  aga inst rabb it  and r a t  RBC (see Tables
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1, 6 and 7). Sepharose 4B chromatography showed th a t  ac t iv i ty  is 

spread over a wide range of m olecular w eigh ts  (Figures 4  & 5). 

A ctiv ity  is inhibited in decreasing order by fetu in  (type III) > BSM > 

DsOSM > OSM (Table 3). I ts  ac tiv ity  is  s ligh tly  a ffec ted  by heating 

and TCA, and not a t  all by p ro tease  (soluble form, S treptom vces 

g r is e u s ) and periodate t re a tm e n ts  (Table 7) although quan tita tive  

analyses  for protein and hexose had shown th a t  HMW contains both. 

These r e s u l t s  suggest th a t  HMW is not a sim ple glycoprotein. In 

im m unoelectrophoresis using rabbit an tiserum  to coelomic fluid, 

HMW gives tw o prec ip itin  bands near the origin which coincide w ith  

a reas  of hemagglutination activ ity . P recip itin  bands appear 

ne ither  for HHMW nor for DL-HHMW but hemagglutination ac tiv ity  

rem ains  mainly in the  sam e region, which also  s ta in s  for sugar and 

pro te in  (Figure 12). The ac tive  region of HMW and HHMW, but not 

DL-HHMW, also  s ta in s  for lipid. A ctiv ity  for DL-HHMW includes a 

spot which is on the o ther  side of the origin. It suggests  th a t  

heating has destroyed the antigenic determ inant. Heating also  

s ligh tly  decreases  the specific  t i t e r  (see  Scheme 2) and
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delipidation low ers the spec ific  ac tiv ity  fu r th e r  (some ac tiv ity  

rem ains in the organic phase, see  Scheme 2).

DL-HHMW contains pro te in  (12%), hexose (30%), hexuronate (9%), 

hexosamine (8%), GAG (glycosaminoglycan, a t  lea s t  22%) and 

su lfa te  (7%) and a t ra c e  of phosphorus and pentose. Neither s ia l ic  

acid nor N -su lfa te  are  present. Hexuronic acid, hexosamine and

su lfa te  are  p resen t in equal amounts (by weight). The to ta l 

amounts (9% + 8% = 17%, by weight) of hexuronic acid and

hexosamines are not equal to  th a t  of hexose (30%). These

determ ina tions  are  based on glucose, glucuronic acid and

glucosamine. Other sugars  might give lower or higher values. For 

instances, in the hexuronic acid determ ination, mannuronic acid 

gives only 17 % the color in tensity  of glucuronic acid (79). It 

suggests  th a t  DL-HHMW has o ther  kinds of hexuronic acid (not 

glucuronic acid, the  s tandard) and hexosamine (not glucosamine, the 

s tandard) and th a t  the values are  probably underestim ated. Protein 

is determ ined by the Bio-Rad method and gamma-globulin may not 

be the b es t  standard to  use. DL-HHMW re a c ts  w ith  a cationic  dye
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[dimethylmethylene blue (DMB)] in the presence of guanidinium 

chloride and gives a m etachrom atic  reac tion  (Figure 14). The 

r e su l ts  indicate tha t  DL-HHMW is polyanionic. Here also, the 22% 

GAG e s t im a te  is  based on chondroitin su lfa te  a s  standard and might 

be much too low because the in tensity  of response varies  w ith  the 

GAG. The IR and FTIR (Figure 15) show th a t  DL-HHMW contains 

h ex o se -6 -su lfa te  [1243 001” ' (su lfa te )  and 813 cm-1 (equatoria l-  

6 -su lfa te )]  and amide [1536 cm -1 (amide II) and 1661 cm ” 1 (amide 

I), due to  prote in  m oiety as  w ell as  N-acylhexosamine)]. These 

r e s u l t s  suggest th a t  DL-HHMW is a glycosaminoglycan. Figure 16 

show s s tru c tu re s  of some typical glycosaminoglycans which 

contain one molecule of hexuronic acid and one molecule of 

hexosamine w ith /w ith o u t  4-ax ia l or 6 -eq u a to r ia l-su lfa te .

When t re a te d  w ith  proteoglycan depolym erization enzymes, 

chondroitinase ABC, kera tanase  and heparinase  II, DL-HHMW does 

not lose i t s  ac tiv ity  and GAG conten t a s  judged by t i t e r  and 

m etachrom atic  reac tion  respectively . S tandard chondroitin su lfa te  

A and B, kera tan  su lfa te  and heparin are  hydrolyzed by the ir
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respec tive  depolym erization enzymes under the sam e conditions. 

Either the pro te in  component is p ro tec ting  th is  GAG or th is  a new 

kind of GAG or both. I conclude th a t  HMW is a l ip id -asso c ia ted  

su lfa ted  proteoglycan. Further work will involve iden tif ica tion  of 

the hexosamine and hexuronic acid. The prote in  w ill be removed by 

borohydride reduction, GAG separa ted  on DEAE cellu lose  

chromatography, and then depolymerization enzym atic tre am en ts  

w ill be repea ted  and pro te in  determ ined separately .

in  vivo experim ents  showed th a t  mice receiving HMW and EATC 

had an average w eight gain on day 42 of 17 g /m ouse (Figure 21 (a) 

& (b)). Three of the five mice which survived to  the end of 

experim ent did not show a sc i t ic  fluid. These r e su l ts  suggested 

th a t  HMW delayed the grow th of EATC in mice. In v itro , HMW causes  

the agglutination of EATC (Figures 25  & 30). This may be due to  

spec ific  in te rac tio n s  of HMW, HHMW and DL-HHMW w ith  cell 

su rfaces  or an e le c t ro s ta t ic  e f fe c ts  betw een GAG and positive  

charges on the  cell su rfaces. The higher t i t e r  before delipidation 

suggests  th a t  hydrophobic in te rac tions  improve the in teraction
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and /o r  th a t  the te r ia ry  s tru c tu re  favoring agglutination is 

s tab il ized  by lipid or th a t  lipid frac tion  is  a lso  an agglutinin and the 

e f fe c ts  a re  additive.

m

The lipid ex tra c t  from the p a r t ic u la te  frac tion  (m ostly  

coelom ocytes) (CM) w as  h e a t-sen s i t iv e ,  m annan-insensitive  and 

Ca++/Mg++-dependent and agglutinated ra t ,  rabb it > African green 

monkey > rhesus  monkey = human (0), guinea pig »  chicken RBC (Table 

1). In immunoelectrophoresis, CM did not give any prec ip itin  line 

w ith  rabbit an tiserum  (Figure 13). The region of ac tiv ity  extended 

along the length of the  gel m ost of which s ta ined  w ith  Sudan Black 

B. Antiserum lowered the t i t e r s  of CM and heated CM. It may be 

th a t  the an tiserum  contains  spec if ic  or non-specific  binding 

p ro te in s  th a t  re a c t  w ith  CM (Table 8) but not in an antibody-antigen 

fashion.

In Id vivo experim ents, mice receiving CM and tumor ce l ls  

showed an average w eight gain of 5.9 g/m ouse by day 14 and then
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the grow th r a te  declined [Figure 21 (b)] and all the  mice died on day

44. Only the mouse which died on day 28 showed a sc i t ic  fluid in the 

peritoneal cavity  but the  r e s t  of the mice did not show any a sc i t ic  

fluid in the peritoneal cavity  or any solid  tumors. It might be due to 

a toxic compound produced by Ehrlich a s c i te s  tum or ce l ls  in the 

presence of CM. CM i t s e l f  is  not toxic because the mice in jec ted  

w ith  CM alone w ere  all healthy. In  v itro  CM sw elled  EATC w ith in  

tw o hours and ruptured them the rea fte r .  It suggested  th a t  CM might 

be incorporated into the cell membranes and changed th e ir  se lec tiv e  

permeability.

CM e x tra c t  w as  fu r th e r  f rac tio n a ted  into acetone-insoluble  (Al)

and ace tone-so lub le  (AS) f rac t io n s  by a c e to n e -10% MgCl2 . Al and

AS f rac tio n s  w ere  fu r th e r  reso lved  by TLC. One (spot 1 0 -1 1) of the 

two ac tive  spo ts  from Al moved very c lose  to DOPE In 2D TLC and

based on spec ific  spray reagen ts , conta ins  phosphate, -NH2 and

vicinal-OH (DOPE gives a negative response to  the  Schiff t e s t )  but 

no reducing sugar (see Table 11). It is  possib le  th a t  the f a t ty  acid
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side  chains contain vicinal-OH groups.

The r e su l ts  of spray reagen t t e s t  for spec if ic  functional groups 

showed th a t  another ac tive  spot (spot 3) conta ins phosphate, 

choline, f a t ty  acid e s t e r  and vicinal-OH. The positive  s ta in ing  

re su l t  for choline might be due to  double bonds. The IR spectrum  of 

spo t 3 (Figure 18) has a  sm all peak for C=C (a t  3020  crn"^) and 

dilinoleoylphosphatidylethanolamine (having 2 double bonds) and 

dilinolenoylphosphatidylethanolamine (having 3 double bonds) a lso  

give positive choline te s t s .  Spot 3 has a broad and strong phosphate 

IR band which is  m ore c h a ra c te r is t ic  of monophosphate than 

diphosphate es te r .  These r e s u l t s  suggest th a t  spot 3 might be a 

phosphatidyl inosito l w ith  unsa tu ra ted  f a t ty  acid side chains and 

monophosphate e s te r  groups. The s t ru c tu re s  of th ese  tw o  ac tive  

sp o ts  are binding studied  by m ass  spectroscopy and, using more 

m ateria l,  by 13C-NMR and 3 1 P-NMR.

The s im i la r i t ie s  of the  sp e c i f ic i t ie s  for I, II, and III shown in 

Tables 2 and 4 suggest th a t  a compound or m oiety common to  th ese  

TLC bands is responsible for agglutination a c t iv i ty  or tha t  ce r ta in
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red ce l ls  a re  more suscep tib le  to  agglutination by some lipids. If 

the agglutination ac t iv i ty  is  a function of shape and charge on the 

molecule, i t  is  su rprising  th a t  the  m a te r ia ls  behaving so d iffe ren tly  

on TLC share  th ese  s im i la r i t ie s  in activ ity . The hemagglutination 

ac t iv i ty  may be a function of groups on the  molecules, the shape of 

the molecule, charge d istr ibu tion , s t a t e  of aggregation or a function 

of all of these. The r a t  RBC are clumped not fused. Maybe liposomes 

are  joining ce l ls  by m ultip le  in teractions. Kawai (32) found th a t  

many liposom es of the  ornith ine-containing lipid of fL p e r tu ss is  

w ere  on the su rface  of the e ry th rocy tes  (observed by EM). 

Liposomes composed of PE and the  orn ith ine-contain ing  lipid (molar 

ra t io  = 3 :1 ) ,  PE/ c h o le s te ro l /  the aminolipid (m olar ra t io  = 1 : 1 :

0.3) had heam gglutination ac t iv i ty  w hile  those  composed of 

phosphatidylcholine and the am inolipid/ phosphatidylcholine, 

cho lestero l and the  aminolipid showed no activ ity . Since only 

ce r ta in  lip ids do th is ,  the su rface  of the  liposome or aggregate 

would be unique.
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AS w as  sub jec ted  to  TLC sy s tem s appropriate  for neutral lipids. 

The ac tive  sp o ts  for  AS w ere the spo ts  near the origin. Using 

d if fe ren t sys tem s, AS w as resolved into several components, one of 

which showed ac t iv i ty  and has -NH and vicinal-OH but no phosphate,

NH2 or sugar (Figure 19 & Table 12). The la t te r  might be a long

chain amide w ith  a vicinal-OH in a side chain. This possib ili ty  is 

being investiga ted  by loannis Patrikios.

Bovine subm axillary mucin (BSM) w as a good inhibitor of 

hem agglutination for all agglutinins from Nereis virens coelomic 

fluid (see  Table 5). When BSM w as heated on a steam  bath for 2 hrs, 

which presumably denatured it,  i t  becomes a poorer inhibitor of 

LMW, HMW and CM. BSM, t re a te d  w ith  acid and heated a t  80°C for 1 

hour (which causes  hydrolysis  of s ia l ic  acid and presumably some 

denatura tion  of protein), becomes a poorer inhibitor of HMW and CM 

while i t  becomes a b e t te r  inhibitor for LMW (Table 5). The re su l ts  

suggest th a t  inhibition by BSM of HMW & CM is partia lly  due to the 

mucin’s  pro te in  moiety. There is l i t t l e  or no change in the inhibition 

ab ili ty  of BSM when i t  is  t re a te d  w ith  mercaptoethanol, suggesting
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th a t  d isu lfide  linkages are  not required for inhibition. BSM is  a 

s ia l ic  acid containing glycoprotein. It contains 35.9% of s ia l ic  acid, 

25.10% N-acetylhexosamine, 1.4% D -galactose and 1.23% L-fucose. 

The main p ro s th e tic  group in BSM is 6 -a lpha-D -sia ly lpyranosy l-  

N-acetyl galactosamine. The s ia l ic  acids  of native BSM are 

N-acetylneuram inic acid, N-glycolylneuraminic acid, N -a c e ty l-7 -0 -  

acety lneuram inic  acid, N -ace ty l-8 -0 -ace ty lneu ram in ic  acid and 

N -ace ty l-7 ,8 -d i-0 -ace ty ln eu ram in ic  acid. In addition to  the main 

d isaccharide p ro s th e t ic  group, o ther o ligosaccharides are  p resen t in 

BSM. The s tru c tu re  of the  o ligosaccharides are GalNAc-GalNAc-ol,

Glc-GalNAc-ol, L-Fuc-[D-Gal. GlcNH2 ]-GalNH2 -ol and NANA-[D-Gal. 

GalNH2 ]-GalNH2-OH. Trypsin break down BSM into a 28 amino acid 

glycopeptide w ith  the composition ; (GalNAc), (Ser, T h r )g 4  (Ala,

Gly)8 3 (Pro)3 (Val, Leu, lle)3 5  (Glu, asp)2 5  (Asp)j. The

composition is very s im i la r  to  th a t  for  the original BSM. This 

s im ila r i ty  implies th a t  BSM is  composed of about 150 peptide 

sequences of 28 amino acids each. A spartic  acid is the N-terminal
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amino acid. BSM contains t ra c e s  of cyste ine  (80).

DOPE as an hemagglutinin

Because one of the CM agglutinins (1 0 -1 1 )  moves like DOPE on Sil 

G 2D-TLC, we studied  pure syn the tic  DOPE a s  an agglutinin. In 

addition, the l i te ra tu re  contains con trad ic to ry  rep o rts  about the 

hem agglutination ac tiv ity  of phosphatidylethanolamine (PE). Kawai

(33) found th a t  PE showed no hem agglutination activ ity . The source 

and preparation  of PE w ere  not given. On the o ther  hand, Forbes a l

(34) found th a t  PE’s  of egg type III ( lo t 90F-8305 , Sigma), of egg 

(Calibiochem), of L  coli of soybean, and pure [ ^ C ]  dioleoyl PE 

(Amersham) agglutinated mouse RBC. We find th a t  f re sh  commercial 

DOPE (Avanti Polar Lipids) does not have agglutination ac t iv i ty  

while sam ples which have "aged” or been heated  w ith  w a te r  for  1 

hour or been heated dry for 3 -6  hours become powerful agglutinins. 

While DOPA is  ac tive , the  spec if ic  t i t e r  of the  t re a te d  m ateria l  

from DOPE is much higher.

In order to study the  e f fe c ts  of unsa tu ra tion  on the  f a t ty  acid
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side chain of PE, a s e r ie s  of PE's [distearoyl (DSPE), dielaidoyl 

(DEPE), dilinoleoy] (DLPE), dilinolenoyl (DLNPE)] w ere  studied  in the 

same way. DEPE, w here the 9 ,10 double bond is  tra n s  instead  of £ is  

as in DOPE, had hemagglutination a c t iv i ty  when tre a te d  in the sam e 

way as  DOPE (Table 13). DLPE, which has 2  double bonds per f a t ty  

acid chain, and DLNPE, which has 3 double bonds per f a t ty  acid chain, 

w ere ac tiva ted  ju s t  by heating for 1 hour w ithou t water. However, 

no hemagglutination ac t iv i ty  w as  observed when DSPE, which has no 

double bonds, w as t re a te d  in the same way. It seem s th a t  

unsatura tion  is necessary  fo r  PE to be converted to an 

hemagglutinin. As the  degree of unsa tu ra tion  increases, th is  

conversion becomes more facile. At th is  s tage , re su l ts  suggest th a t  

oxidation, possibly w ith  c ro ss  linking, r a th e r  than hydrolysis, is  

responsible  for th is  rem arkable generation of hemagglutination 

activity .

The active  m ateria l has the  sam e values as  DOPE, which is

d if fe ren t from those of DOPA and MOPE in two d iffe ren t solvent 

system s. MOPE and some o ther  lysophospholipids (LPE,LP5, LPC and
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LPI), all have Rf values which are lower than those  of PE, PS, PC and

PI in both so lvents  and are  lysins, while o leic acid, which is also a 

lysin, moves w ith  the solvent fron t in so lvent A. The active 

m ate ria l  is  yellow while DOPE is colorless . The infrared sp ec tra  for 

DOPE sam ples  are  the same except th a t  the peak a t  3020  cm -1 due 

to C=C seem s re la tive ly  sm a lle r  in the heated sample. These re su l ts  

suggest th a t  the ac tiv e  m ate r ia l  is  not a hydrolysis  product, DOPA 

or MOPE or oleic acid but m ight be an oxidation product or 

polym erization product. The 13C NMR spectrum  of DOPE (heated

w ith  w a te r)  has very s im ila r  peak heigh ts  a t  129.7 ppm (due to Cg

on = bond) and 130.0 ppm (due to  C j 0 on = bond) a s  tha t  of DOPE. It

suggests  th a t  the c9 10 double bond rem ains  unaltered. In the

active  sample heated  w ith  w a te r ,  peaks a t  63.9 ppm [due to

-£H2 - 0 -P  in O-acyl ( s n - 1)], 70.3 ppm (due to  -£H -0-C0-R in

s n -2 -e s te r i f ie d  glycerol), 173.1 ppm and 173.4 ppm (due to 

R -£0-acyl e s te r  carbonyl group) have diminished. A new signal a t
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67 ppm (might due to  -£H-OH, sn -2  in glycerol) appears suggesting 

th a t  some hydrolysis  has taken place. The next approach w ill be (a) 

analysis  for aldehyde components for peroxides, (b) enzym atic

hydrolysis w ith  phospholipase Aj or A2 , (c) ^ P ,  and proton

NMR of the m ate ria l  iso la ted  from TLC.

Reers & cow orkers (81) studied l-pa lm itoy l-2 -lino leoy l-PE  and 

iso la ted  hydrolysis  and oxidation products from aged samples. 

Lyso-PE w as  observed, but in addition, tw o other compounds 

resu lting  from oxidation w ere isolated, both of which s t i l l  

contained the  palmitoyl group. P a lm itic  acid but not linoleic w as 

recoverable by hydrolysis  and gas chromatography of the  methyl 

e s te rs .  They concluded th a t  the linoleoyl group had been oxidized on 

the aging of th e ir  samples.

Duijun & cow orkers (78) showed th a t  egg PE is much more

sen s i t iv e  to  oxidation by 0 2 a t  40°C than is PC. As judged by fa t ty

acid ana lys is  and malondialdehyde formation, unsaturated , but not 

s a tu ra te d  f a t ty  acids are destroyed in the process. Analysis of the
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head group -NH2 by trin itrobenzenesulfonic  acid (TNBS) showed th a t

a  decrease  in head group -NH2 c o r re la te s  w ith  loss of the

unsa tu ra ted  f a t ty  acid side chain. In addition, NMR showed a 

diminished signal for the methylene carbon a ttached  to  the  head

group-NH2 and the appearance of a new signal a t t r ib u ta b le  to  a

methylene carbon a ttached  the  nitrogen of a Schiff base, i.e.

-CH2 -N=CH- This suggests  th a t  malondialdehyde, formed in

peroxidation, c ro ss - l in k s  PE head groups. NMR and sm all-ang le  

X-ray d iff rac tion  w ere used to  study aggregate composition. Low

levels of peroxidation s tab il ized  lam ellar  aga inst hexagonal) (

aggregates. Further peroxidation introduces a d isorder-nonbilayer 

system  possibily an " interwoven b ilayer” such as  has been shown 

for cardiolipin.
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