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(ABSTRACT) 

Clostridium difficile causes pseudomembranous colitis in humans and a similar 

ileocecitis in hamsters. This organism can colonize the intestines after antibiotic 

therapy disrupts the normal intestinal microflora. Once established in the 

intestines, the organism causes disease by producing two toxins, designated toxin 

A and toxin B. Only toxin A is active on intestinal epithelium, thus toxin A is the 

cause of the initial tissue damage in the intestines. In order for a toxin to affect 

a cell, it must first bind to the cell. Toxin A has been shown to bind to Galk1- 

3Galé 1-4GIcNAc on the intestinal epithelium of hamsters. I provide evidence 

that toxin A can use this trisaccharide as a functional receptor on cell lines, and 

that the expression of the carbohydrate receptor increases the sensitivity of the 

cells to toxin A. Furthermore, the intestinal epithelium of infant hamsters bound 

less toxin A at 37C than did the adult tissue, and infants are less sensitive to the 

disease caused by C. difficile than are adults. This provides further evidence that 

the activity of toxin A is increased by the binding of the toxin to Gal 1-3Galg 1- 

4GlcNAc. Even though Gal 1-3Galé 1-4GlcNAc was a receptor for toxin A on 

animal cells, it probably is not a receptor for toxin A in humans, because people



do not normally express this carbohydrate. Instead, I found that toxin A bound to 

the carbohydrate antigens designated I, X, and Y, which are present on the 

intestinal epithelium of humans. These carbohydrates could be receptors for 

toxin A. The possible significance of these receptors is discussed.
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FORWORD 

This dissertation contains seven sections. The first section is a review of 

the literature, which provides an introduction to Clostridium difficile and the 

disease pseudomembranous colitis. Sections II to VI are written in a format for 

submission for publication. Of these sections, sections II to IV, and VI are being 

considered as possible manuscripts; whereas section V is included to present the 

logic that lead to the finding presented in section VI. Section VII contains the 

summation of the dissertation, and additional postulates that are not presented in 

the previous sections. 

Parts of this dissertation previously have been presented. Section III has 

been published (1), and is presented in this dissertation exactly as it was accepted 

for publication. The data in section IV were presented at the 1989 national 

conference for the American Society for Microbiology (K. D. Tucker and T. D. 

Wilkins. Clostridium difficile toxin A uses Gala 1-3Galg 1-4GIcNAc as a functional 

receptor), and also is published (3). The findings presented in section VII are 

covered in a pending patent (4), and also will be presented at the 1990 national 

conference of the American Society for Microbiology (K. D. Tucker and T. D. 

Wilkins. A possible receptor for Clostridium difficile toxin A in humans). This 

section of the dissertation has been submitted for publication with minor changes 

(2).
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A: CLOSTRIDIUM DIFFICILE DISEASE IN HUMANS AND ANIMALS 

The discovery of antibiotics was a major advancement for the field of 

medicine that radically changed the way diseases are treated, and greatly 

improved the prognosis for many maladies. However, like so many discoveries, 

the actual benefits were less than were initially hoped. Some microorganisms 

were resistant to antibiotics, whereas others acquired resistance as a result of 

antibiotic therapy. Further, there were unexpected and unexplained side effects 

with many antibiotics. 

One side effect commonly associated with antibiotic therapy is diarrhea. 

This may range in severity from a mild and self-limiting disease to a life- 

threatening enteritis. Pseudomembranous colitis is one form of a life-threatening 

diarrhea associated with antibiotic treatment. This disease is characterized by the 

formation of pseudomembranes composed of mucin, fibrin, white blood cells, and 

sloughed mucosal cells on the colonic mucosa (8, 14, 61, 167). The 

pseudomembranes initially are sporadically located on the colonic mucosa, with 

each pseudomembrane covering only a 2-5 mm area (14, 61, 167). With time, 

these may fuse to form large patches of pseudomembranes that may be sloughed 

and passed as "casts" of the colon. 

Treatment with a number of antibiotics can cause pseudomembranous 

colitis, but the use of lincomycin, and its derivative clindamycin, cause the highest 

incidence of the disease per patient treated (8, 16, 54, 60, 70, 159, 167, 168, 172). 

As early as 1969 it was known that hamsters treated with lincomycin often



developed an acute and rapidly fatal ileocecitis (160). In the mid to late 1970's 

this hamster disease became the animal model for antibiotic-associated 

pseudomembranous colitis (12, 25). At the microscopic level, the damage to the 

intestinal mucosa of the hamster is similar to that of the human; however, 

pseudomembranes do not form in the hamster (14, 31, 77, 140). This caused 

many researchers initially to reject this animal model for pseudomembranous 

colitis. 

Fortunately, a few researchers studied the hamster disease in hopes of 

understanding the human disease. They found that a sterile filtrate of the cecal 

contents from a hamster with antibiotic-associated enteritis could cause enteritis 

in another hamster following intracecal injection (149). Dialysis of the cecal 

filtrate removed the antibiotic, but did not abolish the toxicity. Thus the 

antibiotic did not directly cause the enteritis, instead a toxin or virus was the 

apparent cause of the disease. Since the disease causing agent could not be 

propagated in tissue culture, this was suggestive of a toxin. After screening 

numerous antitoxins, gas gangrene antitoxin was found to neutralize the toxic 

activity in the cecal filtrate. Gas gangrene antitoxin contains antibodies to a 

number of clostridial toxins, so this indicated a clostridium was the etiological 

agent, but did not identify the actual organism. Further experiments 

demonstrated that the antitoxin to Clostridium sordellii was responsible for 

neutralizing the toxic activity (2, 9, 10, 96, 159). However C. sordellii could not 

be isolated from either hamsters with enteritis or from humans with



pseudomembranous colitis. Instead, it was found that the C. sordellii antitoxin 

also neutralized the toxic activity of C. difficile, and C. difficile was isolated from 

both hamsters and humans with antibiotic associated enteritis (10, 11, 13, 30, 95, 

96, 103, 148, 149, 150). Further, sterile culture filtrates of C. difficile caused 

enteritis in the hamster (10, 95). Thus, C. difficile was identified as the cause of 

pseudomembranous colitis (9, 10, 11, 59, 62, 95, 103). This organism is estimated 

to cause 25% of the reported cases of antibiotic associated diarrhea (24, 165), 

making it second only to Campylobacter jejuni as the major cause of bacterial 

diarrhea in humans. Subsequent research demonstrated that C. sordellii produces 

two toxins ( Hemorrhagic toxin and Lethal toxin) that are similar to the two 

toxins produced by and C. difficile (toxin A and toxin B) (7, 117, 136, 166). Both 

toxins of C. difficile are believed to be involved in the disease. 

C. difficile is not normally present in significant numbers in the intestinal 

microflora of adult humans. In fact, the normal intestinal microflora creates a 

protective barrier that prevents C. difficile from colonizing the intestines (20, 21, 

22, 106, 157, 180, 181); however, antibiotic therapy disrupts the normal intestinal 

microflora. This allows C. difficile, which can be acquired from the hospital 

environment (26, 37, 71, 84, 85, 115, 128), to colonize the intestines and grow to 

high numbers. The organism then produces an enterotoxin that damages the 

intestinal mucosa (6, 7, 75, 99, 101, 102, 108, 123, 124, 125, 166, 175), which 

further perturbs the intestinal microflora and allows C. difficile to continue



colonizing the intestines after antibiotic therapy is stopped. Ironically, this 

antibiotic associated disease is treated with the antibiotic vancomycin, which is 

bacteriocidal to C. difficile (12, 25, 48, 49, 80). Unfortunately, vancomycin also 

disrupts the normal intestinal microflora. So when the vancomycin is 

discontinued, C. difficile may recolonize the intestines, with about 24% of the 

patients relapsing (15). Thus the disease may become ongoing and debilitating. 

Pseudomembranous colitis is most often associated with antibiotic therapy, 

but antibiotic therapy is not absolutely required for pseudomembranous colitis to 

occur. For example, one of the first reports of pseudomembranous colitis was in 

1893 (SO), over 40 years before the advent of antibiotic therapy. The cases of 

pseudomembranous colitis without prior antibiotic therapy commonly involved 

trauma to the intestines such as surgery or intestinal obstruction, but also 

involved trauma that did not directly effect the intestines, such as spinal fracture 

and cardiovascular disease (61). Presumably this trauma affects the normal 

intestinal microflora, allowing C. difficile to colonize the intestines. There are still 

reports of pseudomembranous colitis without prior antibiotic therapy (45, 127, 

137), but since antibiotic therapy is common following bowel surgery, post- 

operative pseudomembranous colitis cannot be distinguished from an antibiotic- 

associated pseudomembranous colitis. 

C. difficile is well established as the cause of pseudomembranous colitis; 

however, in rare cases it can also cause illness by infecting parts of the body 

other than the intestines. This organism has been reported to cause abscesses,



wound infections, septicemia, peritonitis, pleuritis, and osteomyelitis (97, 155, 

163). C. difficile has not been implicated as the cause of necrotizing enterocolitis 

in neonates, inflammatory bowel disease, or Crohn’s disease (18, 27, 41, 66, 83, 

120, 162, 158, 161). 

C. difficile often colonizes the intestines of human infants who have not 

been treated with antibiotics (1, 5, 38, 69, 73, 82, 94, 100, 116, 147, 164, 173, 174). 

This can occur in infants up to two years of age, with as many as 50% of the 

neonates in some hospitals being colonized (1, 82, 147, 176). However, C. difficile 

does not cause any apparent ill effects, even though the toxins can be detected in 

the feces (19, 39, 100, 116, 164). One possible reason for the insensitivity of 

infants to C. difficile is that human colostrum contains antibodies that can 

neutralize the C. difficile toxins (86, 178). Yet, this can not fully explain the 

resistance of infants to the toxins because many infants are not breast-fed. An 

additional explanation was suggested by Chang et al. (32), who found that cells 

from the intestinal mucosa of infants were more resistant to C. difficile toxins 

than were cells from the intestinal mucosa of adults. They suggested that the 

infant cells lack receptors for the toxins, whereas the adult cells contain these 

receptors; however, no supporting evidence was provided. Thus the reason for 

the insensitivity of infants to the C. difficile toxins is not known at this time. 

Infant hamsters also may be colonized by toxigenic C. difficile from the 

fourth to twelfth days of life with no apparent ill effects (151). As seen in 

humans, mother’s milk can confer passive immunity to the infant hamster (50,



87). This is of particular significance in studies with infant hamsters because the 

infants are maintained on mother’s milk. Thus, passive immunization could 

explain why clindamycin-treated infant and just-weaned hamsters are less sensitive 

to toxigenic C. difficile than are adult hamsters (67). In apparent conflict with the 

above study, Iaconis and Rolfe reported that treatment with clindamycin 

increased the number of deaths with infant hamsters colonized with toxigenic C. 

difficile (78). They postulated that this was due to an increase in toxin production 

associated with the clindamycin treatment (78, 130). This increase in toxin 

apparently overwhelmed the passive immunity provided by the mother’s milk. 

Even though infant hamsters provide an animal model to study the insensitivity of 

infants to C. difficile, the work has not progressed beyond suggesting that the 

insensitivity is due to passive immunity. 

Germ-free mice and rats also can be colonized by C. difficile without prior 

antibiotic therapy (35, 36, 37, 132, 177). In these animals C. difficile does cause 

colitis and the formation of pseudomembranes on the colon (177). Thus the 

disease in these animals may be more closely related to the disease in humans. 

Using this model, Corthier et al. (35) found that the proteolytic activity in the 

intestinal tract of these animals reduced the biological activity of toxin A 100-fold 

without effecting the biological activity of toxin B. Further, the inactivated toxin 

A was still detected by immunological assays. These observations provide a 

potential explanation for the insensitivity of human infants to C. difficile. In the 

studies with the human infants, toxin A was assayed with an enzyme linked



immunosorbent assay, and toxin B was assayed with a cytotoxicity assay. Thus the 

assays did not determine if the biological activity of toxin A was reduced. As will 

be discussed later, toxin A must be present for enteritis to occur. So if infants 

inactivate toxin A by proteolysis, they could protect themselves from 

pseudomembranous colitis. 

The use of germ-free animals for research has several disadvantages. 

Monoassociated animals do not have the complex microflora found in 

conventional animals, and this causes the physiology of the intestines to differ. 

The differences between the physiology of germ-free and normal animals, as well 

as the cost and difficulty of using germ-free animals, makes the germ-free animal 

model prohibitive for most researchers. 

Currently, the most widely used model for pseudomembranous colitis is the 

antibiotic-treated hamster. This animal is relatively sensitive to the toxins of C. 

difficile, and is easy to maintain (108). Further, at the histological level, C. 

difficile causes similar tissue damage to the ceca of hamsters as it causes to the 

colon of humans (14, 31, 77, 140); however, since hamsters do not form 

pseudomembranes, their use for the study of pseudomembranous colitis may be 

questionable. C. difficile can cause antibiotic associated enteritis in a number of 

other laboratory animals, including rabbits, guinea pigs, and prairie dogs (88, 144, 

145). Of these, only prairie dogs form pseudomembranes. The introduction of 

this animal model for pseudomembranous colitis has been too recent to evaluate 

any results.



B: CLOSTRIDIUM DIFFICILE TOXINS 

1) Physicochemical properties 

The properties of toxin A and B are summarized in Table 1. Both toxins 

are large proteins with a molecular mass near 300,000 that do not dissociate into 

smaller subunits (6, 7, 107, 119, 165, 166). This large size for toxin A has been 

verified from the cloning and sequencing of the toxin A gene (42, 156), and 

preliminary results from the toxin B gene also support its large size (personal 

communication from Lisa Barroso). Both toxins may exist as dimers in solution, 

as determined from the estimated molecular mass on native and denaturing 

polyacrylamide gels (6, 7, 107, 165, 166). Toxin A migrates much slower in an 

electric field than its pI would dictate when agarose gels are used (107). A 

possible explanation for this is that the toxin may interact with a-linked galactose 

in the agarose, thus retarding the movement of the toxin (91). Of practical 

importance, toxin A precipitates at pH values near its isoelectric point in low 

ionic strength buffers; this can be used to purify the toxin (165). Both of the 

toxins are inactivated by the oxidizing agents N-bromosuccinimide, H,O,, KO,, 

and O, (107). Since these oxidizing agents may affect tyrosine, this suggests why 

it is difficult to iodinate toxin A without affecting its biological activity. Reducing 

agents do not affect the biological activities of either toxin, which suggests that 

disulfide cross-linkages are not involved in their activities (107).
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2) Biological activities 

Toxin A is a potent enterotoxin in rabbits, hamsters, mice, and suckling- 

mice (6, 7, 99, 101, 102, 107, 108, 111, 124, 125, 166, 174, 175). Either feeding or 

directly injecting the toxin into the intestinal lumen causes disruption of the 

intestinal epithelium, and erosion of the villus tips (99, 101, 102, 124, 125, 175). 

This destroys the permeability barrier that normally is formed by the intestinal 

epithelium (75, 123, 124), so that body fluids, including serum, may seep into the 

intestinal lumen (102). If an animal systemically produces antibodies to toxin A, 

the toxic activity can be neutralized at this point as the circulating antibodies seep 

into the intestines with the other serum proteins (125). However, if the toxin is 

not neutralized, it may continue damaging tissue into the lamina propria, which 

contains the blood vessels that supply the intestines. Once the blood vessels are 

exposed, both toxin A and toxin B increase the vascular permeability which 

results in blood leaking into the intestinal lumen (6, 7, 111, 124, 125, 166). 

The extensive tissue damage caused by toxin A results in inflammation in 

the intestines (77, 99, 101, 102, 174, 175). Furthermore, toxin A is a 

chemoattractant for granulocytes, and stimulates granulocytes to release factors 

that cause secretion in the intestines (137, 138). These observations have 

prompted some researchers to postulate that toxin A does not directly affect the 

intestines; instead, they believe that toxin A causes the granulocytes to release 

factors that damage the intestinal epithelium and cause fluid secretion (175). 

Activated granulocytes can damage intestinal mucosa and release factors that
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cause secretion in the intestines (68), so the activity of toxin A on the 

granulocytes probably does contribute to the tissue damage caused by toxin A. 

However, toxin A also disrupts intestinal epithelium in organ culture and tissue 

culture (75, 102, 123), which demonstrates that toxin A has enterotoxic activity 

independent of the granulocytes. So toxin A does act directly on intestinal 

epithelium. 

Toxin A and toxin B are about equally lethal when injected subcutaneously 

or intraperitoneally into animals (3, 6, 7, 107, 111, 165, 166). However, the signs 

before and after death do not indicate the cause of death. Oral administration of 

toxin A also results in death of hamsters (108). Toxin A disrupts the intestinal 

epithelium, and apparently enters the body where it may exert its lethal activity. 

Toxin B alone has no observable effect on the intestinal epithelium, and is not 

toxic when fed to animals (5, 6, 102, 107, 111, 165, 166). However, oral doses of 

toxin B are lethal if the integrity of the intestinal mucosa has been damaged, such 

as by bruising or by the enterotoxic activity of sub-lethal amounts of toxin A 

(108). This suggests that toxin A and toxin B act synergistically, with toxin A 

damaging the intestinal mucosa and exposing cells that are sensitive to toxin B. 

Both toxin A and toxin B are cytotoxic to all mammalian cell lines that 

have been tested and each toxin causes a similar affect to the cells (6, 7, 40, 102, 

111, 165, 166). The most readily observed response of cells to the toxins is 

rounding. However, the cells do not die immediately, as determined by trypan 

blue exclusion from the cell. Instead the cells merely seem to be prevented from
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growing, and begin to die after several days. Analysis at the subcellular level also 

demonstrates that each toxin has a similar effect on cells. Each causes a decrease 

in the synthesis of proteins, ribonucleic acids, and deoxyribonucleic acids (139, 

146, 153). Further, after exposure to either toxin, cells show a decrease in 

filamentous actin and a corresponding increase in globular actin (33, 52, 75, 93, 

133, 169, 170). This apparent conversion of filamentous actin to globular actin is 

believed to cause disruption of the cytoskeletal structure, and rounding. 

However, toxin B does not act directly on purified actin in vitro (122), so 

modification of actin may not be the mechanism of action for the toxin. The 

similar effects on cells caused by toxin A and toxin B suggests that the toxins may 

have the same mechanism of action; however, this has not been confirmed 

because the mechanism of action for neither toxin is known. 

Even though toxin A and toxin B have similar effects on cells, their 

cytotoxic activities are very different: toxin B is about 1,000 to 10,000 times more 

cytotoxic than is toxin A on a molar basis (109, 133, 165, 166). In fact toxin B is 

one of the most potent cytotoxins known, with as little as 10°’ moles of toxin B 

being able to cause a cell to round. One possible explanation for the difference 

in the cytotoxic activities of toxin A and toxin B is that the toxins may be 

processed differently after entering the cells (53, 169, 170, 171). Alternately, the 

toxins may have different receptors, with the receptor for toxin B being more 

effective than the receptor for toxin A at binding and internalizing the toxin. The 

actual reason for the different cytotoxic activities is not known.
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3) Immunochemical properties 

Serology has played a major role in research concerning C. difficile; it was 

the fortuitous cross-neutralization of the toxins of C. difficile with C. sordellii 

antisera that led to the discovery that C. difficile causes pseudomembranous 

colitis. Ironically, the further significance of this cross-reaction was overlooked: it 

took three years to discover that the organism produced two toxins, even though 

it had been known for a decade that C. sordellii produced two protein toxins (4). 

Now it is known that toxin A and toxin B have partial immunological identity 

with Hemorrhagic and Lethal toxins, respectively, from C. sordellii (117, 136). 

Antisera to toxin A or toxin B have been used to determine if these two 

toxins share any antigenic determinants. Affinity purified antibodies to toxin A or 

toxin B do not cross react as determined by western blots, Ouchterlony assays, or 

neutralization of biological activity (6, 7, 98, 110, 112, 165, 166). This indicates 

that toxin A and toxin B are not antigenically related. 

The monoclonal antibody designated PCG-4 has been particularly useful 

for characterizing toxin A. This monoclonal antibody reacts with the portion of 

toxin A that binds to the carbohydrate receptor for the toxin, and neutralizes the 

enterotoxic activity of the toxin (102, 109, 141). Yet, this monoclonal does not 

reduce the cytotoxic activity of toxin A on Chinese hamster ovary cells (102, 109). 

This suggests that either the receptor for toxin A is different between hamster 

intestines and Chinese hamster ovary cells (109), or that the low cytotoxic activity
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of toxin A on Chinese hamster ovary cells is due to pinocytosis of the toxin by 

the cells and does not involve a receptor. One property of PCG-4 that is unusual 

for most monoclonal antibodies is that it precipitates toxin A, which indicates that 

toxin A contains repeating epitopes for PCG-4 (109). This was the first evidence 

that toxin A did contain repeating amino acid sequences, which was later 

confirmed by the nucleic acid sequence of the toxin (42, 156). Like the affinity 

purified antibodies to toxin A, PCG-4 does not react with toxin B (109). 

At the same time PCG-4 was being characterized, a number of monoclonal 

antibodies that cross-reacted with toxin A and toxin B were found (109, 152). 

This was in apparent conflict with the results obtained with polyclonal antibodies, 

and suggested that toxin A and B shared many antigenic determinants. This 

paradox was explained by Lyerly et al. (105) who found that toxin A and toxin B 

can bind several types of monoclonal antibodies non-specifically. Thus, the 

apparent serological cross-reaction between toxin A and toxin B doubtful. Even 

so, Since both toxin A and toxin B bind antibodies non-specifically, this suggests 

that toxin A and toxin B do share a similar functional domain.
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4) Genetics 

The genes for both toxin A and toxin B have been cloned, and have now 

been completely sequenced (42, 156, Lisa Barroso, personal communication). 

Toxin A and toxin B have 6 domains that share as much as 60% identity at the 

amino acid level, and are similar in their relative position in each toxin (Lisa 

Barroso, personal communication). This indicates that the two toxins may be the 

result of a gene duplication, and that toxin A and toxin B could have the same 

mechanism of action. Further, this suggests that the toxins may have similar 

receptors, as will be discussed later. However, despite the identity between the 

toxins at the genetic level, the genes have diverged enough so that the proteins 

are antigenically unique; therefore, the functional properties of the toxins, such as 

enzyme activities and receptor recognition sites may also have diverged. So the 

similarity between the genes must be interpreted with caution. The sequence for 

the toxin B gene is preliminary, so will not be considered any further, however, 

the gene for toxin A is well characterized. 

The toxin A gene is a single open reading frame that codes for a protein 

with a deduced molecular mass of 308,103 or 307,972, depending on the strain of 

C. difficile used (42, 156). The 3’ end of the gene for toxin A codes for repeating 

amino acid sequences that comprise about 30% of the total protein (42). These 

repeats are involved in the binding of toxin A to a carbohydrate receptor present 

on the membrane of cells (Gak 1-3Galg 1-4GlcNAc) (141). Antisera to this 

portion of toxin A neutralizes
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the enterotoxic activity of toxin A in rabbit ileum and hamster cecum (42). 

Further, this is the portion of toxin that reacts with the monoclonal antibody 

PCG~-4, which also neutralizes the enterotoxic activity of toxin A (102, 109).
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5) Receptors 

a: Toxin A 

An enterotoxin must bind to the intestinal epithelium, and toxins often 

accomplish this by binding to specific carbohydrate structures on the membranes 

of cells. Likewise, toxin A binds to carbohydrates that contain Gal 1-3Gals 1- 

4GIcNAc (34, 91, 92). The discovery that this carbohydrate is a receptor for toxin 

A was based on the observation that toxin A agglutinates rabbit erythrocytes 

(which contain Gal 1-3Gals 1-4GIlcNAc), and that the agglutination is inhibited by 

bovine thyroglobulin (which also contains Gal 1-3Galg 1-4GIcNAc). Enzymatic 

removal of the a-linked galactose completely abolishes the binding of toxin A to 

the carbohydrate, which demonstrates the importance of the a-linked galactose 

for the binding of toxin A (34, 91). However, related carbohydrates that contain 

an a 1-4-linked galactose do not bind the toxin (34, 91). Furthermore, blood type 

B erythrocytes do not bind toxin A, even though these cells contain the 

trisaccharide receptor with a fucose on the sub-terminal galactose (Gak1- 

3[Fuc 1-2]Gals 1-4GlcNAc) (91). Thus toxin A appears to bind specifically to 

Gala 1-3Gals 1-4GIcNAc. 

The amount of toxin bound to Gal 1-3Galé 1-4GlcNAc decreases with 

increasing temperatures, such that undetectable amounts of toxin A bind to the 

rabbit erythrocytes or bovine thyroglobulin at 37C (91, 92). This temperature 

effect is used to purify toxin A by binding the toxin to immobilized bovine 

thyroglobulin at 4C and eluting the toxin at 37C (92). Although the temperature 

dependant binding of toxin A is useful in research, this is an apparent
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disadvantage for the toxin in vivo, because little toxin may bind at body 

temperature. The binding of toxin A at 37C can be increased by increasing the 

density of the receptor for the toxin (91, 92). A possible explanation for this 

observation is that as the number of receptors increase, the number of binding 

sites on a molecule of toxin A that actually bind a receptor also increases. ‘This 

causes the avidity of toxin A for Gal 1-3Gals 1-4GlcNAc to increase because the 

avidity of toxin for its receptor is the summation of the individual affinities of 

each binding site that is actually bound to a receptor. Thus with high densities of 

receptor, significant amounts of toxin A may bind at 37C. This appears to be the 

case on the hamster intestinal mucosa, which contains large amounts of Gal 1- 

3Gals 1-4GlcNAc and binds toxin A at 37C in amounts that are similar to that 

observed with cholera toxin (91). Thus Gak 1-3Gals 1-4GIcNAc can be a receptor 

for toxin A at physiological temperatures. 

The importance of toxin A binding to Gal 1-3Gals 1-4GIcNAc is 

demonstrated by the observation that antibodies to the carbohydrate binding 

portion of toxin A neutralize the enterotoxic activity of the toxin (42, 102, 109). 

The trisaccharide receptor for toxin A is expressed by almost all mammals (55); 

however, humans do not normally express this carbohydrate (55, 58). In humans 

this trisaccharide has been demonstrated only on cancerous mammary cells, and 

on a genetically transformed human cell line (28, 58, 79). The expression of 

Gala 1-3Galg 1-4GlcNAc by normal cells in the human body also is limited by the 

fact that most people express antibodies that react with this trisaccharide (56, 57). 

Thus the expression of Gala 1-3Gal¢ 1-4GlcNAc in the human body may result in
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an autoimmune disease (28, 58). Therefore, toxin A probably does not use 

Gals 1-3Gals 1-4GlcNAc as a receptor in humans. 

b: Toxin B 

The similar nucleic acid sequence between toxin A and toxin B suggests 

that toxin B also may bind a carbohydrate receptor that is similar to the receptor 

for toxin A. However, toxin B does not bind to Gals 1-3Gals 1-4GIcNAc, 

otherwise toxin B would co-purify with toxin A on immobilized bovine 

thyroglobulin (92). Even so, the high level of cytotoxic activity of toxin B 

indicates that cell lines have a receptor. This high cytotoxic activity on a large 

number of cell lines suggests that the receptor for toxin B must be ubiquitous. 

Conversely, the ineffectiveness of toxin B on intestinal epithelium suggests that 

this tissue may lack a receptor for toxin B. Currently, the receptor for toxin B is 

identified.
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C: CARBOHYDRATE COMPLEXITY AS RECEPTORS 

The binding of many bacterial toxins to carbohydrate receptors is well 

established, and the subject of several excellent reviews (44, 81). Some of the 

properties that make carbohydrates suitable receptors for toxins are their 

presence on all eucaryotic cell membranes and their structural complexity. 

1) Complexity of structure 

A few different monosaccharides may be used to synthesize an unlimited 

number of carbohydrate structures. However, unlike nucleic acids and amino 

acids, a single monosaccharide can covalently bond to any of the hydroxylated 

carbons on another carbohydrate. This exponentially increases the possible 

number of receptors that may be synthesized from a given number of 

monosaccharides. This also means that oligosaccharides and polysaccharides can 

be branched . Thus, if given the same number of amino acids or 

monosaccharides, many more receptors can be synthesized from the 

monosaccharides. For example, a tripeptide of glycine forms only one possible 

configuration, but a trisaccharide of galactose can occur in at least 88 unique 

configurations. 

The actual number of different carbohydrate structures found on cells is 

limited by the requirement for enzymes to synthesize the structures (89, 90, 129, 

154, 179). All oligosaccharides and polysaccharides present on the membrane of 

a cell are synthesized by glycosyl-transferases, and each glycosyl-transferase
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�g�l�y�c�o�c�a�l�y�x�.� �T�h�e�s�e� �s�t�r�u�c�t�u�r�e�s� �a�r�e� �t�h�e� �f�i�r�s�t� �p�a�r�t� �o�f� �a� �c�e�l�l� �t�h�a�t� �a�r�e� �e�n�c�o�u�n�t�e�r�e�d� �b�y� 

�a�n�y� �m�o�l�e�c�u�l�e� �a�p�p�r�o�a�c�h�i�n�g� �t�h�e� �c�e�l�l� �(�8�1�)�.� �T�h�e�r�e�f�o�r�e�,� �c�a�r�b�o�h�y�d�r�a�t�e�s� �p�r�o�v�i�d�e� �t�h�e� 

�f�i�r�s�t� �o�p�p�o�r�t�u�n�i�t�y� �f�o�r� �a� �t�o�x�i�n� �t�o� �b�i�n�d� �t�o� �a� �c�e�l�l�.� 

�T�h�e� �p�a�r�t�i�c�u�l�a�r� �c�a�r�b�o�h�y�d�r�a�t�e� �s�t�r�u�c�t�u�r�e�s� �c�a�n� �d�i�f�f�e�r� �b�e�t�w�e�e�n� �c�e�l�l�s�.� �C�e�l�l�s� �f�r�o�m� 

�d�i�f�f�e�r�e�n�t� �s�p�e�c�i�e�s� �u�s�u�a�l�l�y� �e�x�p�r�e�s�s� �d�i�f�f�e�r�e�n�t� �c�a�r�b�o�h�y�d�r�a�t�e�s� �(�5�5�,� �1�1�3�,� �1�4�2�)�.� �F�u�r�t�h�e�r�,� 

�d�i�f�f�e�r�e�n�t� �a�n�i�m�a�l�s� �w�i�t�h�i�n� �a� �s�p�e�c�i�e�s� �a�l�s�o� �m�a�y� �e�x�p�r�e�s�s� �u�n�i�q�u�e� �c�a�r�b�o�h�y�d�r�a�t�e�s�,� �a�s� �i�s� 

�e�x�e�m�p�l�i�f�i�e�d� �b�y� �p�e�o�p�l�e� �h�a�v�i�n�g� �d�i�f�f�e�r�e�n�t� �b�l�o�o�d� �t�y�p�e�s� �w�h�i�c�h� �a�r�e� �d�u�e� �t�o� �c�a�r�b�o�h�y�d�r�a�t�e� 

�a�n�t�i�g�e�n�s� �(�6�3�,� �7�2�)�.� �E�v�e�n� �t�h�e� �t�i�s�s�u�e�s� �w�i�t�h�i�n� �t�h�e� �s�a�m�e� �a�n�i�m�a�l� �w�i�l�l� �c�o�n�t�a�i�n� 

�c�a�r�b�o�h�y�d�r�a�t�e�s� �t�h�a�t� �a�r�e� �u�n�i�q�u�e� �t�o� �t�h�e� �s�p�e�c�i�f�i�c� �t�i�s�s�u�e� �(�2�3�,� �1�2�9�)�.� �S�i�n�c�e� �t�i�s�s�u�e�s� �a�r�e� 

�m�a�d�e� �o�f� �s�e�v�e�r�a�l� �c�e�l�l� �t�y�p�e�s�,� �e�v�e�n� �t�h�e� �c�e�l�l�s� �w�i�t�h�i�n� �a� �t�i�s�s�u�e� �m�a�y� �c�o�n�t�a�i�n� 

�c�a�r�b�o�h�y�d�r�a�t�e�s� �t�h�a�t� �a�r�e� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e�s� �o�f� �t�h�e� �c�e�l�l�s� �a�d�j�a�c�e�n�t� �t�o� �i�t� 

�(�7�4�,� �7�6�,� �1�3�1�,� �1�4�3�)�.� �E�v�e�n� �f�u�r�t�h�e�r�,� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �s�t�a�t�e� �o�f� �a� �c�e�l�l� �e�f�f�e�c�t�s� �t�h�e� 

�e�x�p�r�e�s�s�i�o�n� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e�s�,� �s�o� �t�h�a�t� �t�h�e� �s�a�m�e� �c�e�l�l� �t�y�p�e�s� �m�a�y� �e�x�p�r�e�s�s� �d�i�f�f�e�r�e�n�t� 

�c�a�r�b�o�h�y�d�r�a�t�e�s� �a�t� �d�i�f�f�e�r�e�n�t� �t�i�m�e�s� �(�4�6�,� �1�1�4�,� �1�2�9�,� �1�3�4�,� �1�8�2�)�.� �T�h�u�s�,� �b�y� �b�i�n�d�i�n�g� �t�o� �a� 

�s�p�e�c�i�f�i�c� �c�a�r�b�o�h�y�d�r�a�t�e�,� �t�o�x�i�n�s� �m�a�y� �t�a�r�g�e�t� �t�o� �s�p�e�c�i�f�i�c� �c�e�l�l�s� �w�i�t�h�i�n� �t�h�e� �b�o�d�y�.� �T�h�i�s� 

�s�e�g�r�e�g�a�t�i�o�n� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e�s� �o�n� �c�e�r�t�a�i�n� �t�y�p�e�s� �o�f� �c�e�l�l�s� �c�a�u�s�e�s� �d�i�f�f�e�r�e�n�t� �c�e�l�l�s� �t�o� 

�h�a�v�e� �d�i�f�f�e�r�e�n�t� �s�e�n�s�i�t�i�v�i�t�i�e�s� �t�o� �t�h�e� �s�a�m�e� �t�o�x�i�n� �(�2�9�,� �4�3�,� �6�5�)�.� 

�A�s� �i�f� �t�a�r�g�e�t�i�n�g� �t�o� �a� �s�p�e�c�i�f�i�c� �c�e�l�l� �w�e�r�e� �n�o�t� �e�n�o�u�g�h�,� �t�o�x�i�n�s� �m�a�y� �t�a�r�g�e�t� �t�o� 

�s�p�e�c�i�f�i�c� �d�o�m�a�i�n�s� �o�f� �a� �c�e�l�l� �b�y� �u�s�i�n�g� �c�a�r�b�o�h�y�d�r�a�t�e� �r�e�c�e�p�t�o�r�s�.� �T�h�a�t� �i�s�,� �c�a�r�b�o�h�y�d�r�a�t�e�s
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�m�a�y� �b�e� �l�o�c�a�l�i�z�e�d� �t�o� �s�p�e�c�i�f�i�c� �p�a�r�t�s� �o�f� �t�h�e� �m�e�m�b�r�a�n�e� �o�f� �a� �c�e�l�l�,� �a�s� �s�e�e�n� �w�i�t�h� 

�p�o�l�a�r�i�z�e�d� �c�e�l�l�s� �(�1�1�8�,� �1�2�1�)�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �m�e�m�b�r�a�n�e� �o�f� �i�n�t�e�s�t�i�n�a�l� �c�e�l�l�s� �i�s� 

�s�e�p�a�r�a�t�e�d� �i�n�t�o� �t�w�o� �f�u�n�c�t�i�o�n�a�l� �d�o�m�a�i�n�s�:� �t�h�e� �m�u�c�o�s�a� �f�a�c�e�s� �t�h�e� �l�u�m�e�n� �o�f� �t�h�e� 

�i�n�t�e�s�t�i�n�e�s� �a�n�d� �t�h�e� �s�e�r�o�s�a� �f�a�c�e�s� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �t�i�s�s�u�e�.� �S�o�m�e� �o�f� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e�s� 

�p�r�e�s�e�n�t� �o�n� �t�h�e� �m�u�c�o�s�a�l� �d�o�m�a�i�n� �a�r�e� �n�o�t� �p�r�e�s�e�n�t� �o�n� �t�h�e� �s�e�r�o�s�a�l� �d�o�m�a�i�n�,� �a�n�d� �v�i�s�e� 

�v�e�r�s�a�.� �T�h�u�s� �t�o�x�i�n� �b�i�n�d�i�n�g� �c�a�n� �d�e�p�e�n�d� �o�n� �t�h�e� �o�r�i�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �c�e�l�l�,� �w�i�t�h� 

�d�i�f�f�e�r�e�n�t� �d�o�m�a�i�n�s� �b�e�i�n�g� �e�x�p�o�s�e�d� �b�y� �d�i�f�f�e�r�e�n�t� �o�r�i�e�n�t�a�t�i�o�n�s�.� �T�h�e�r�e�f�o�r�e�,� 

�c�a�r�b�o�h�y�d�r�a�t�e�s� �s�e�r�v�e� �a�s� �e�x�t�r�e�m�e�l�y� �s�e�l�e�c�t�i�v�e� �b�i�n�d�i�n�g� �s�i�t�e�s� �f�o�r� �t�o�x�i�n�s�,� �a�n�d� �t�a�r�g�e�t� �t�h�e� 

�t�o�x�i�n�s� �t�o� �s�i�t�e�s� �t�h�a�t� �p�r�o�v�i�d�e� �t�h�e� �g�r�e�a�t�e�s�t� �b�e�n�e�f�i�t� �t�o� �t�h�e� �o�r�g�a�n�i�s�m� �p�r�o�d�u�c�i�n�g� �t�h�e� 

�t�o�x�i�n�.
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�D�.� �I�N�T�R�O�D�U�C�T�I�O�N� �T�O� �T�H�E� �T�H�E�S�I�S� 

�W�h�e�n� �I� �s�t�a�r�t�e�d� �t�h�e�s�e� �s�t�u�d�i�e�s�,� �G�a�l� �1�-�3�G�a�l�s� �1�-�4�G�I�l�c�N�A�c� �w�a�s� �t�h�e� �o�n�l�y� 

�c�a�r�b�o�h�y�d�r�a�t�e� �r�e�c�e�p�t�o�r� �k�n�o�w�n� �f�o�r� �t�o�x�i�n� �A� �(�3�4�,� �9�1�,� �9�2�)�.� �T�h�e� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� 

�t�h�i�s� �c�a�r�b�o�h�y�d�r�a�t�e� �i�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�h�e� �a�1�-�3�-�l�i�n�k�e�d� �g�a�l�a�c�t�o�s�e� �(�9�1�)�,� 

�w�h�i�c�h� �i�s� �a� �r�e�l�a�t�i�v�e�l�y� �u�n�i�q�u�e� �c�a�r�b�o�h�y�d�r�a�t�e� �c�o�n�f�i�g�u�r�a�t�i�o�n�,� �s�o� �o�t�h�e�r� �r�e�c�e�p�t�o�r�s� �f�o�r� �t�h�e� 

�t�o�x�i�n� �a�p�p�e�a�r�e�d� �t�o� �b�e� �u�n�l�i�k�e�l�y�.� �A�t� �t�h�a�t� �t�i�m�e�,� �r�e�p�o�r�t�s� �d�e�m�o�n�s�t�r�a�t�i�n�g� �t�h�e� �l�a�c�k� �o�f� 

�G�a�l�:� �1�-�3�G�a�l�s� �1�-�4�G�l�c�N�A�c� �i�n� �h�u�m�a�n�s� �h�a�d� �n�o�t� �b�e�e�n� �p�u�b�l�i�s�h�e�d�;� �t�h�e�r�e�f�o�r�e�,� �I� �f�o�c�u�s�e�d� 

�m�y� �s�t�u�d�i�e�s� �o�n� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�o�x�i�n� �A� �b�i�n�d�i�n�g� �t�o� �G�a�b� �1�-�3�G�a�l�é� �1�-�4�G�I�c�N�A�c�.� 

�F�i�r�s�t�,� �I� �f�o�u�n�d� �t�h�a�t� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m� �o�f� �i�n�f�a�n�t� �h�a�m�s�t�e�r�s� �b�o�u�n�d� �l�e�s�s� �t�o�x�i�n� �A� 

�t�h�a�n� �d�i�d� �t�h�e� �s�a�m�e� �t�i�s�s�u�e� �f�r�o�m� �a�d�u�l�t� �h�a�m�s�t�e�r�s� �(�s�e�c�t�i�o�n� �I�I�)�.� �T�h�i�s� �p�r�o�v�i�d�e�d� �a�n� 

�a�p�p�a�r�e�n�t� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �w�h�y� �a�d�u�l�t� �h�a�m�s�t�e�r�s� �a�r�e� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �d�i�s�e�a�s�e� �c�a�u�s�e�d� 

�b�y� �C�.� �d�i�f�f�i�c�i�l�e� �t�h�a�n� �a�r�e� �i�n�f�a�n�t� �h�a�m�s�t�e�r�s� �(�6�7�,� �1�5�3�)�.� �F�u�r�t�h�e�r�m�o�r�e�,� �I� �p�r�o�v�i�d�e�d� 

�e�v�i�d�e�n�c�e� �t�h�a�t� �G�a�l� �1�-�3�G�a�l�é� �1�-�4�G�l�c�N�A�c� �a�c�t�e�d� �a�s� �a� �b�i�o�l�o�g�i�c�a�l� �r�e�c�e�p�t�o�r� �f�o�r� �t�h�e� �t�o�x�i�n� 

�o�n� �c�e�l�l�s� �(�s�e�c�t�i�o�n�s� �I�I�I� �a�n�d� �I�V�)�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �s�u�p�p�o�r�t�e�d� �t�h�e� �p�o�s�t�u�l�a�t�e� �t�h�a�t� �G�a�l�e� �1�-� 

�3�G�a�l�g� �1�-�4�G�l�c�N�A�c� �w�a�s� �a� �b�i�o�l�o�g�i�c�a�l� �r�e�c�e�p�t�o�r� �f�o�r� �t�o�x�i�n� �A� �i�n� �a�n�i�m�a�l�s�.� 

�B�y� �t�h�i�s� �t�i�m�e� �i�n� �m�y� �r�e�s�e�a�r�c�h�,� �I� �h�a�d� �s�t�a�r�t�e�d� �w�o�r�k� �w�i�t�h� �h�u�m�a�n� �c�o�l�o�n�i�c� �c�e�l�l� 

�l�i�n�e�s� �(�s�e�c�t�i�o�n� �V�)�,� �a�n�d� �h�a�d� �a�c�c�e�s�s� �t�o� �h�u�m�a�n� �i�n�t�e�s�t�i�n�a�l� �t�i�s�s�u�e�.� �R�e�s�u�l�t�s� �u�s�i�n�g� �t�h�e�s�e� 

�t�i�s�s�u�e�s� �a�n�d� �c�e�l�l�s� �c�o�n�v�i�n�c�e�d� �m�e� �t�h�a�t� �t�o�x�i�n� �A� �w�a�s� �i�n�d�e�e�d� �b�i�n�d�i�n�g� �t�o� �h�u�m�a�n� �t�i�s�s�u�e�,� 

�b�u�t� �I� �c�o�u�l�d� �n�o�t� �d�e�m�o�n�s�t�r�a�t�e� �a�-�l�i�n�k�e�d� �g�a�l�a�c�t�o�s�e�.� �F�u�r�t�h�e�r�,� �a� �s�u�r�v�e�y� �o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e� 

�r�e�v�e�a�l�e�d� �t�h�a�t� �G�a�l�s� �1�-�3�G�a�l�g� �1�-�4�G�I�c�N�A�c� �i�s� �n�o�t� �n�o�r�m�a�l�l�y� �e�x�p�r�e�s�s�e�d� �i�n� �h�u�m�a�n�s� �(�2�8�,� 

�5�5�,� �5�8�,� �7�9�)�.� �T�h�e�s�e� �o�b�s�e�r�v�a�t�i�o�n�s� �l�e�d� �m�e� �t�o� �c�o�n�c�l�u�d�e� �t�h�a�t� �t�h�e� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� 

�G�a�l�a� �1�-�3�G�a�l�g� �1�-�4�G�I�l�c�N�A�c� �w�a�s� �n�o�t� �i�n�v�o�l�v�e�d� �w�i�t�h� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �i�n� �t�h�e� 

�h�u�m�a�n� �b�o�d�y�.� �T�h�i�s� �r�e�s�u�l�t�e�d� �i�n� �a� �s�h�i�f�t� �i�n� �t�h�e� �e�m�p�h�a�s�i�s� �o�f� �m�y� �r�e�s�e�a�r�c�h�,� �c�h�a�n�g�i�n�g
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�t�h�e� �f�o�c�u�s� �t�o� �i�d�e�n�t�i�f�y�i�n�g� �p�o�s�s�i�b�l�e� �a�l�t�e�r�n�a�t�e� �r�e�c�e�p�t�o�r�s� �f�o�r� �t�o�x�i�n� �A� �i�n� �h�u�m�a�n�s�.� 

�A�g�a�i�n�,� �t�h�e� �c�e�l�l� �l�i�n�e�s� �p�r�o�v�i�d�e�d� �t�h�e� �c�l�u�e� �t�h�a�t� �l�e�d� �t�o� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �o�t�h�e�r� 

�r�e�c�e�p�t�o�r�s� �f�o�r� �t�o�x�i�n� �A� �(�s�e�c�t�i�o�n� �V�)�:� �t�o�x�i�n� �A� �b�o�u�n�d� �t�o� �t�h�e� �I�,� �X�,� �a�n�d� �I� �a�n�t�i�g�e�n�s�,� 

�w�h�i�c�h� �a�r�e� �a� �g�r�o�u�p� �o�f� �s�i�m�i�l�a�r� �c�a�r�b�o�h�y�d�r�a�t�e� �r�e�c�e�p�t�o�r�s� �f�o�u�n�d� �o�n� �h�u�m�a�n� �i�n�t�e�s�t�i�n�a�l� 

�e�p�i�t�h�e�l�i�u�m� �(�s�e�c�t�i�o�n� �V�I�)�.� �F�o�r�t�u�n�a�t�e�l�y�,� �a� �l�a�r�g�e� �b�o�d�y� �o�f� �l�i�t�e�r�a�t�u�r�e� �c�o�n�c�e�r�n�i�n�g� �t�h�e�s�e� 

�c�a�r�b�o�h�y�d�r�a�t�e�s� �a�l�r�e�a�d�y� �e�x�i�s�t�e�d�,� �s�o� �t�h�a�t� �a� �n�u�m�b�e�r� �o�f� �c�o�n�c�l�u�s�i�o�n�s� �c�o�u�l�d� �b�e� �m�a�d�e� 

�b�a�s�e�d� �o�n� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e�s�e� �n�e�w� �r�e�c�e�p�t�o�r�s�.
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�a�s�s�o�c�i�a�t�e�d� �d�i�a�r�r�h�o�e�a�:� �a� �r�o�l�e� �i�n� �i�n�f�l�a�m�m�a�t�o�r�y� �b�o�w�e�l� �d�i�s�e�a�s�e�?� �L�a�n�c�e�t� �i�:� �3�8�3�-�3�8�4�.� 

�1�9� �B�o�l�t�o�n�,� �R�.� �P�.�,� �S�.� �K�.� �T�a�i�t�,� �P�.� �R�.� �F�.� �D�e�a�r�,� �a�n�d� �M�.� �S�.� �L�o�s�o�w�s�k�y�.� �1�9�8�4�.� 
�A�s�y�m�p�t�o�m�a�t�i�c� �n�e�o�n�a�t�a�l� �c�o�l�o�n�i�s�a�t�i�o�n� �b�y� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�.� �A�r�c�h�.� �D�i�s�.� �C�h�i�l�d�h�o�o�d� 
�5�9�:� �4�6�6�-�4�7�2�.� 

�2�0� �B�o�r�r�i�e�l�l�o�,� �S�.� �P�.�,� �a�n�d� �F�.� �E�.� �B�a�r�c�l�a�y�.� �1�9�8�4�.� �C�o�l�o�n�i�z�a�t�i�o�n� �r�e�s�i�s�t�a�n�c�e� �t�o� 
�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�n�f�e�c�t�i�o�n�.� �M�i�c�r�o�e�c�o�l�.� �T�h�e�r�.� �1�4�:� �7�5�-�8�7�.� 

�2�1� �B�o�r�r�i�e�l�l�o�,� �S�.� �P�.�,� �a�n�d� �F�.� �E�.� �B�a�r�c�l�a�y�.� �1�9�8�6�.� �A�n� �i�n�-�v�i�t�r�o� �m�o�d�e�l� �o�f� 
�c�o�l�o�n�i�s�a�t�i�o�n� �r�e�s�i�s�t�a�n�c�e� �t�o� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�n�f�e�c�t�i�o�n�.� �J�.� �M�e�d�.� �M�i�c�r�o�b�i�o�l�.� �2�1�:� 
�2�9�9�-�3�0�9�.� 

�2�2� �B�o�w�d�e�n�,� �T�.� �A�.�,� �A�.� �R�.� �M�a�n�s�b�e�r�g�e�r�,� �a�n�d� �L�.� �E�.� �L�y�k�i�n�s�.� �1�9�8�1�.� 
�P�s�e�u�d�o�m�e�m�b�r�a�n�o�u�s� �e�n�t�e�r�o�c�o�l�i�t�i�s�:� �m�e�c�h�a�n�i�s�m� �o�f� �r�e�s�t�o�r�i�n�g� �f�l�o�r�a�l� �h�o�m�e�o�s�t�a�s�i�s�.� 
�A�m�.� �S�u�r�g�.� �4�7�:� �1�7�8�-�1�8�3�.



�3�0� 

�2�3� �B�r�e�i�m�e�r�,� �M�.� �E�.� �1�9�8�4�.� �T�i�s�s�u�e� �s�p�e�c�i�f�i�c�i�t�y� �o�f� �g�l�y�c�o�s�p�h�i�n�g�o�l�i�p�i�d�s� �a�s� �e�x�p�r�e�s�s�e�d� 
�i�n� �p�a�n�c�r�e�a�s� �a�n�d� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e� �o�f� �b�l�o�o�d� �g�r�o�u�p� �A� �a�n�d� �B� �h�u�m�a�n� �i�n�d�i�v�i�d�u�a�l�s�.� �A�r�c�h�.� 
�B�i�o�c�h�e�m�.� �B�i�o�p�h�y�s�.� �2�2�8�:� �7�1�-�8�5�.� 

�2�4� �B�r�e�t�t�l�e�,� �R�.� �P�.�,� �a�n�d� �E�.� �W�a�l�l�a�c�e�.� �1�9�8�4�.� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�-�a�s�s�o�c�i�a�t�e�d� 
�d�i�a�r�r�h�o�e�a�.� �J�.� �I�n�f�e�c�t�.� �8�:� �1�2�3�-�1�2�8�.� 

�2�5� �B�r�o�w�n�e�,� �R�.� �A�.�,� �R�.� �F�e�k�e�t�y�,� �J�r�.�,� �J�.� �S�i�l�v�i�a�,� �J�r�.�,� �D�.� �I�.� �B�o�y�d�,� �C�.� �O�.� �W�o�r�k�,� �a�n�d� �G�.� 
�D�.� �A�b�r�a�m�s�.� �1�9�7�7�.� �T�h�e� �p�r�o�t�e�c�t�i�v�e� �e�f�f�e�c�t� �o�f� �v�a�n�c�o�m�y�c�i�n� �o�n� �c�l�i�n�d�a�m�y�c�i�n�-�i�n�d�u�c�e�d� 
�c�o�l�i�t�i�s� �i�n� �h�a�m�s�t�e�r�s�.� �J�o�h�n�s� �H�o�p�k�i�n�s� �M�e�d�.� �J�.� �1�4�1�:� �1�8�3�-�1�9�2�.� 

�2�6� �B�u�g�g�y�,� �B�.� �P�.�,� �K�.� �H�.� �W�i�l�s�o�n�,� �a�n�d� �R�.� �F�e�k�e�t�y�,� �J�r�.� �1�9�8�3�.� �C�o�m�p�a�r�i�s�o�n� �o�f� 
�m�e�t�h�o�d�s� �f�o�r� �t�h�e� �r�e�c�o�v�e�r�y� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �f�r�o�m� �a�n� �e�n�v�i�r�o�n�m�e�n�t�a�l� �s�u�r�f�a�c�e�.� 
�J�.� �C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �1�8�:� �3�4�8�-�3�5�2�.� 

�2�7� �C�a�s�h�o�r�e�,� �W�.� �J�.�,� �G�.� �P�e�t�e�r�,� �M�.� �L�a�v�e�r�m�a�n�n�,� �B�.� �S�.� �S�t�o�n�e�s�t�r�e�e�t�,� �a�n�d� �W�.� �O�h�.� 
�1�9�8�1�.� �C�l�o�s�t�r�i�d�i�a�l� �c�o�l�o�n�i�z�a�t�i�o�n� �a�n�d� �c�l�o�s�t�r�i�d�i�a�l� �t�o�x�i�n� �i�n� �n�e�o�n�a�t�a�l� �n�e�c�r�o�t�i�z�i�n�g� 
�e�n�t�e�r�o�c�o�l�i�t�i�s�.� �J�.� �P�e�d�i�a�t�r�.� �9�8�:� �3�0�8�-�3�1�1�.� 

�2�8� �C�a�s�t�r�o�n�o�v�o�,� �V�.�,� �C�.� �C�o�l�i�n�,� �B�.� �P�a�r�e�n�t�,� �J�.�-�M�.� �F�o�i�d�a�r�t�,� �R�.� �L�a�m�b�o�t�t�e�,� �a�n�d� �P�.� 
�M�a�h�i�e�u�.� �1�9�8�9�.� �P�o�s�s�i�b�l�e� �r�o�l�e� �o�f� �h�u�m�a�n� �n�a�t�u�r�a�l� �a�n�t�i�-�G�a�l� �a�n�t�i�b�o�d�i�e�s� �i�n� �t�h�e� �n�a�t�u�r�a�l� 
�a�n�t�i�t�u�m�o�r� �d�e�f�e�n�s�e� �s�y�s�t�e�m�.� �J�.� �N�a�t�l�.� �C�a�n�c�e�r� �I�n�s�t�.� �$�1�:� �2�1�2�-�2�1�6�.� 

�2�9� �C�h�a�n�,� �L�.�-�N�.� �L�.�,� �J�.�-�S�.� �L�i�,� �a�n�d� �S�.�-�Y�.� �L�i�u�.� �1�9�8�5�.� �D�i�f�f�e�r�e�n�t�i�a�l� �e�f�f�e�c�t�s� �o�f� �a�b�r�i�n� 
�o�n� �n�o�r�m�a�l� �a�n�d� �t�u�m�o�r� �c�e�l�l�s�.� �J�.� �C�e�l�l�.� �P�h�y�s�i�o�l�.� �1�2�3�:� �1�3�2�-�1�3�8�.� 

�3�0� �C�h�a�n�g�,� �T�.�-�W�.�,� �S�.� �L�.� �G�o�r�b�a�c�h�,� �J�.� �B�.� �B�a�r�t�l�e�t�t�.� �1�9�7�8�.� �N�e�u�t�r�a�l�i�z�a�t�i�o�n� �o�f� 
�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �b�y� �C�l�o�s�t�r�i�d�i�u�m� �s�o�r�d�e�l�l�i�i� �a�n�t�i�t�o�x�i�n�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �2�2�:� 
�4�1�8�-�4�2�2�.� 

�3�1� �C�h�a�n�g�,� �T�.�,� �J�.� �G�.� �B�a�r�t�l�e�t�t�,� �S�.� �L�.� �G�o�r�b�a�c�h�,� �a�n�d� �A�.� �B�.� �O�n�d�e�r�d�o�n�k�.� �1�9�7�8�.� 
�C�l�i�n�d�a�m�y�c�i�n�-�i�n�d�u�c�e�d� �e�n�t�e�r�o�c�o�l�i�t�i�s� �i�n� �h�a�m�s�t�e�r�s� �a�s� �a� �m�o�d�e�l� �o�f� �p�s�e�u�d�o�m�e�m�b�r�a�n�o�u�s� 
�c�o�l�i�t�i�s� �i�n� �p�a�t�i�e�n�t�s�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �2�0�:� �5�2�6�-�5�2�9�.� 

�3�2� �C�h�a�n�g�,� �T�.�-�W�.�,� �N�.� �M�.� �S�u�l�l�i�v�a�n�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�6�.� �I�n�s�u�s�c�e�p�t�i�b�i�l�i�t�y� �o�f� 
�f�e�t�a�l� �i�n�t�e�s�t�i�n�a�l� �m�u�c�o�s�a� �a�n�d� �f�e�t�a�l� �c�e�l�l�s� �t�o� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n�s�.� �A�c�t�a� �P�h�a�r�.� 
�S�i�n�.� �5�:� �4�4�8�-�4�5�3�.� 

�3�3� �C�i�e�s�i�e�l�s�k�i�-�T�r�e�s�k�a�,� �J�.�.� �G�.� �U�l�r�i�c�h�,� �B�.� �R�i�h�n�,� �D�.� �A�u�n�i�s�.� �1�9�8�9�.� �M�e�c�h�a�n�i�s�m� �o�f� 
�a�c�t�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �B�:� �r�o�l�e� �o�f� �e�x�t�e�r�n�a�l� �m�e�d�i�u�m� �a�n�d� �c�y�t�o�s�k�e�l�e�t�a�l� 
�o�r�g�a�n�i�z�a�t�i�o�n� �i�n� �i�n�t�o�x�i�c�a�t�e�d� �c�e�l�l�s�.� �E�u�r�.� �J�.� �C�e�l�l� �B�i�o�l�.� �4�8�:� �1�9�1�-�2�0�2� 

�3�4� �~ �� �C�l�a�r�k�,� �G�.� �F�.�,� �H�.� �C�.� �K�r�i�v�a�n�,� �T�.� �D�.� �W�i�l�k�i�n�s�,� �a�n�d� �D�.� �F�.� �S�m�i�t�h�.� �1�9�8�7�.� �T�o�x�i�n� �A� 
�f�r�o�m� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �b�i�n�d�s� �t�o� �r�a�b�b�i�t� �e�r�y�t�h�r�o�c�y�t�e� �g�l�y�c�o�l�i�p�i�d�s� �w�i�t�h� �t�e�r�m�i�n�a�l� 
�G�a�l�s� �1�-�3�G�a�l�s� �1�-�4�G�I�c�N�A�c� �s�e�q�u�e�n�c�e�s�.� �A�r�c�h�.� �B�i�o�c�h�e�m�.� �B�i�o�p�h�y�s�.� �2�5�7�:� �2�1�7�-�2�2�9�,



�3�1� 

�3�5� �C�o�r�t�h�i�e�r�,� �G�.�,� �M�.� �C�.� �M�u�l�l�e�r�,� �G�.� �W�.� �E�l�m�e�r�,� �F�.� �L�u�c�a�s�,� �a�n�d� �F�.� �D�u�b�o�s�-�R�a�m�a�r�e�.� 
�1�9�8�9�.� �I�n�t�e�r�r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �d�i�g�e�s�t�i�v�e� �p�r�o�t�e�o�l�y�t�i�c� �a�c�t�i�v�i�t�i�e�s� �a�n�d� �p�r�o�d�u�c�t�i�o�n� 
�a�n�d� �q�u�a�n�t�i�t�a�t�i�o�n� �o�f� �t�o�x�i�n�s� �i�n� �p�s�e�u�d�o�m�e�m�b�r�a�n�o�u�s� �c�o�l�i�t�i�s� �i�n�d�u�c�e�d� �b�y� �C�l�o�s�t�r�i�d�i�u�m� 
�d�i�f�f�i�c�i�l�e� �i�n� �g�n�o�t�o�b�i�o�t�i�c� �m�i�c�e�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �5�7�:� �3�9�2�2�-�3�9�2�7�.� 

�3�6� �C�o�r�t�h�i�e�r�,� �G�.�,� �F�.� �D�u�b�o�s�,� �a�n�d� �R�.� �R�a�i�b�a�u�d�.� �1�9�8�5�.� �M�o�d�u�l�a�t�i�o�n� �o�f� �c�y�t�o�t�o�x�i�n� 
�p�r�o�d�u�c�t�i�o�n� �b�y� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t�s� �o�f� �g�n�o�t�o�b�i�o�t�i�c� �m�i�c�e� 
�i�n�o�c�u�l�a�t�e�d� �w�i�t�h� �v�a�r�i�o�u�s� �h�u�m�a�n� �i�n�t�e�s�t�i�n�a�l� �b�a�c�t�e�r�i�a�.� �A�p�p�l�.� �E�n�v�i�r�o�n�.� �M�i�c�r�o�b�i�o�l�.� �4�9�:� 
�2�5�0�-�2�5�2�.� 

�3�7� �C�z�u�p�r�y�n�s�k�i�,� �C�.� �J�.�,� �W�.� �J�.� �J�o�h�n�s�o�n�,� �E�.� �B�a�l�i�s�h�,� �a�n�d� �T�.� �W�i�l�k�i�n�s�.� �1�9�8�3�.� 
�P�s�e�u�d�o�m�e�m�b�r�a�n�o�u�s� �c�o�l�i�t�i�s� �i�n� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�-�m�o�n�o�a�s�s�o�c�i�a�t�e�d� �r�a�t�s�.� �I�n�f�e�c�t�.� 
�I�m�m�u�n�.� �3�9�:� �1�3�6�8�-�1�3�7�6�.� 

�3�8� �D�e�l�m�e�e�,� �M�.�,� �G�.� �V�e�r�e�l�l�e�n�,� �V�.� �A�v�e�s�a�n�i�,� �a�n�d� �G�.� �F�r�a�n�c�o�i�s�.� �1�9�8�8�.� �C�l�o�s�t�r�i�d�i�u�m� 
�d�i�f�f�i�c�i�l�e� �i�n� �n�e�o�n�a�t�e�s�:� �s�e�r�o�g�r�o�u�p�i�n�g� �a�n�d� �e�p�i�d�e�m�i�o�l�o�g�y�.� �E�u�r�.� �J�.� �P�e�d�i�a�t�r�.� �1�4�7�:� �3�6�-�4�9�.� 

�3�9� �D�o�n�t�a�,� �S�.� �T�.�,� �a�n�d� �M�.� �G�.� �M�y�e�r�s�.� �1�9�8�2�.� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �i�n� 
�a�s�y�m�p�t�o�m�a�t�i�c� �n�e�o�n�a�t�e�s�.� �J�.� �P�e�d�i�a�t�r�i�c�s�.� �1�0�0�:� �4�3�1�-�4�3�4�.� 

�4�0� �D�o�n�t�a�,� �S�.� �T�.�,� �N�.� �S�u�l�l�i�v�a�n�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�2�.� �D�i�f�f�e�r�e�n�t�i�a�l� �e�f�f�e�c�t�s� �o�f� 
�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n�s� �o�n� �t�i�s�s�u�e�-�c�u�l�t�u�r�e�d� �c�e�l�l�s�.� �J�.� �C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �1�5�:�1�1�5�7�-� 
�1�1�5�8�.� 

�4�1� �D�o�r�m�a�n�,� �S�.� �A�.�,� �E�.� �L�i�g�g�o�r�i�a�,� �W�.� �C�.� �W�i�n�n�,� �J�r�.�,� �a�n�d� �W�.� �L�.� �B�e�e�k�e�n�.� �1�9�8�2�.� 
�I�s�o�l�a�t�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �f�r�o�m� �p�a�t�i�e�n�t�s� �w�i�t�h� �i�n�a�c�t�i�v�e� �C�r�o�h�n ��s� �d�i�s�e�a�s�e�.� 
�G�a�s�t�r�o�e�n�t�e�r�o�l�o�g�y� �8�2�:� �1�3�4�8�-�1�3�5�1�.� 

�4�2� �D�o�v�e�,� �C�.� �H�.�,� �S�.�-�Z�.� �W�a�n�g�,� �S�.� �B�.� �P�r�i�c�e�,� �C�.� �J�.� �P�h�e�l�p�s�,� �D�.� �M�.� �L�y�e�r�l�y�,� �T�.� �D�.� 
�W�i�l�k�i�n�s�,� �a�n�d� �J�.� �L�.� �J�o�h�n�s�o�n�.� �1�9�9�0�.� �M�o�l�e�c�u�l�a�r� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� 
�d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �A� �g�e�n�e�.� �5�8�:� �4�8�0�-�4�8�8�.� 

�4�3� �D�r�a�b�e�r�,� �P�.�,� �a�n�d� �P�.� �S�t�a�n�l�e�y�.� �1�9�8�4�.� �C�y�t�o�t�o�x�i�c�i�t�y� �o�f� �p�l�a�n�t� �l�e�c�t�i�n�s� �f�o�r� �m�o�u�s�e� 
�e�m�b�r�y�o�n�a�l� �c�a�r�c�i�n�o�m�a� �c�e�l�l�s�.� �S�o�m�a�t�i�c� �C�e�l�l� �M�o�l�.� �G�e�n�e�t�.� �1�0�:�4�3�5�-�4�4�4�.� 

�4�4� �E�i�d�e�l�s�,� �E�.�,� �R�.� �L�.� �P�r�o�i�a�,� �a�n�d� �D�.� �A�.� �H�a�r�t�.� �1�9�8�3�.� �M�e�m�b�r�a�n�e� �R�e�c�e�p�t�o�r�s� �f�o�r� 
�B�a�c�t�e�r�i�a�l� �t�o�x�i�n�s�.� �M�i�c�r�o�b�i�o�l�.� �R�e�v�.� �4�7�:� �5�9�6�-�6�2�0�.� 

�4�5� �E�l�l�i�s�,� �M�.� �E�.�,� �B�.� �M�.� �W�a�t�s�o�n�,� �P�.� �J�.� �M�i�l�e�w�s�k�i�,� �a�n�d� �G�.� �J�o�n�e�s�.� �1�9�8�3�.� 
�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �c�o�l�i�t�i�s� �u�n�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a�n�t�i�b�i�o�t�i�c� �t�h�e�r�a�p�y�.� �B�r�.� �J�.� �S�u�r�g�.� �7�0�:� 
�2�4�2�-�2�4�3�.



�3�2� 

�4�6� �E�r�n�s�t�,� �C�.� �S�.�,� �J�-�W�.� �S�h�e�n�,� �S�.� �L�i�t�w�i�n�,� �M�.� �H�e�r�l�y�n�,� �H�.� �K�o�p�r�o�w�s�k�i�,� �a�n�d� �H�.� �F�.� 
�S�e�a�r�s�.� �1�9�8�6�.� �M�u�l�t�i�p�a�r�a�m�e�t�e�r� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �i�n� �s�i�t�u� �o�f� �n�o�r�m�a�l� �a�n�d� 
�t�u�m�o�r�-�a�s�s�o�c�i�a�t�e�d� �a�n�t�i�g�e�n�s� �i�n� �h�u�m�a�n� �c�o�l�o�r�e�c�t�a�l� �c�a�r�c�i�n�o�m�a�.� �J�.� �N�a�t�.� �C�a�n�c�e�r�.� �I�n�s�t�.� 
�7�7�:� �3�8�7�-�3�9�5�.� 

�4�7� �F�e�i�z�i�,� �T�.�,� �a�n�d� �R�.� �A�.� �C�h�i�l�d�s�.� �1�9�8�5�.� �C�a�r�b�o�h�y�d�r�a�t�e� �s�t�r�u�c�t�u�r�e�s� �o�f� 
�g�l�y�c�o�p�r�o�t�e�i�n�s� �a�n�d� �g�l�y�c�o�l�i�p�i�d�s� �a�s� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �a�n�t�i�g�e�n�s�,� �t�u�m�o�u�r�-�a�s�s�o�c�i�a�t�e�d� 
�a�n�t�i�g�e�n�s� �a�n�d� �c�o�m�p�o�n�e�n�t�s� �o�f� �r�e�c�e�p�t�o�r� �s�y�s�t�e�m�s�.� �T�I�B�S� �1�0�:� �2�4�-�2�9�.� 

�4�8� �F�e�k�e�t�y�,� �R�.�,� �J�.� �S�i�l�v�a�,� �J�.� �A�r�m�s�t�r�o�n�g�,� �M�.� �A�l�l�o�,� �R�.� �B�r�o�w�n�e�,� �J�.� �E�b�r�i�g�h�t�,� �R�.� �L�u�s�k�,� 
�G�.� �R�i�f�k�i�n�,� �a�n�d� �R�.� �T�o�s�h�n�i�w�a�l�.� �1�9�8�1�.� �T�r�e�a�t�m�e�n�t� �o�f� �a�n�t�i�b�i�o�t�i�c�-�a�s�s�o�c�i�a�t�e�d� 
�e�n�t�e�r�o�c�o�l�i�t�i�s� �w�i�t�h� �v�a�n�c�o�m�y�c�i�n�.� �R�e�v�.� �I�n�f�e�c�t�.� �D�i�s�.� �3�:� �$�2�7�3�-�S�2�8�1�.� 

�4�9� �F�e�k�e�t�y�,� �R�.�,� �J�.� �S�i�l�v�a�,� �R�.� �T�o�s�h�n�i�w�a�l�,� �M�.� �A�l�l�o�,� �J�.� �A�r�m�s�t�r�o�n�g�,� �R�.� �B�r�o�w�n�e�,� �J�.� 
�E�b�r�i�g�h�t�,� �a�n�d� �G�.� �R�i�f�k�i�n�.� �1�9�7�9�.� �A�n�t�i�b�i�o�t�i�c�-�a�s�s�o�c�i�a�t�e�d� �c�o�l�i�t�i�s�:� �e�f�f�e�c�t�s� �o�f� �a�n�t�i�b�i�o�t�i�c�s� 
�o�n� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �a�n�d� �t�h�e� �d�i�s�e�a�s�e� �i�n� �h�a�m�s�t�e�r�s�.� �R�e�v�.� �I�n�f�e�c�t�.� �D�i�s�.� �1�:� �3�8�6�-�3�9�7�.� 

�5�0� �F�e�r�n�i�e�,� �D�.� �S�.�,� �R�.� �O�.� �T�h�o�m�s�o�n�,� �I�.� �B�a�t�t�y�,� �a�n�d� �P�.� �D�.� �W�a�l�k�e�r�.� �1�9�8�3�.� �A�c�t�i�v�e� 
�a�n�d� �p�a�s�s�i�v�e� �i�m�m�u�n�i�z�a�t�i�o�n� �t�o� �p�r�o�t�e�c�t� �a�g�a�i�n�s�t� �a�n�t�i�b�i�o�t�i�c� �a�s�s�o�c�i�a�t�e�d� �c�e�c�i�t�i�s� �i�n� 
�h�a�m�s�t�e�r�s�.� �D�e�v�.� �B�i�o�l�.� �S�t�a�n�d�.� �5�3�:� �3�2�5�-�3�3�2�.� 

�5�1� �F�i�n�n�e�y�,� �J�.� �M�.� �1�8�9�3�.� �G�a�s�t�r�o�-�e�n�t�e�r�o�s�t�o�m�y� �f�o�r� �c�i�c�a�t�r�i�z�i�n�g� �u�l�c�e�r� �o�f� �t�h�e� 
�p�y�l�o�r�u�s�.� �J�o�h�n�s� �H�o�p�k�i�n�s� �H�o�s�p�.� �B�u�l�l�.� �1�1�:� �5�3�-�5�5�.� 

�5�2� �F�i�o�r�e�n�t�i�n�i�,� �C�.�,� �G�.� �A�r�a�n�c�i�a�,� �S�.� �P�a�r�a�d�i�s�i�,� �G�.� �D�o�n�e�l�l�i�,� �M�.� �G�i�u�l�i�a�n�o�,� �F�.� 
�P�i�e�m�o�n�t�e�,� �a�n�d� �P�.� �M�a�s�t�r�a�n�t�o�n�i�o�.� �1�9�8�9�.� �E�f�f�e�c�t�s� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n�s� �A� 
�a�n�d� �B� �o�n� �c�y�t�o�s�k�e�l�e�t�o�n� �o�r�g�a�n�i�z�a�t�i�o�n� �i�n� �H�E�p�-�2� �c�e�l�l�s�:� �a� �c�o�m�p�a�r�a�t�i�v�e� �m�o�r�p�h�o�l�o�g�i�c�a�l� 
�s�t�u�d�y�.� �T�o�x�i�c�o�n� �2�7�:� �1�2�0�9�-�1�2�1�8�.� 

�5�3� �F�l�o�r�i�n�,� �I�.�,� �a�n�d� �M�.� �T�h�e�l�e�s�t�a�m�.� �1�9�8�6�.� �L�y�s�o�s�o�m�a�l� �i�n�v�o�l�v�e�m�e�n�t� �i�n� �c�e�l�l�u�l�a�r� 
�i�n�t�o�x�i�c�a�t�i�o�n� �w�i�t�h� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �B�.� �M�i�c�r�o�b�.� �P�a�t�h�o�g�e�n�.� �1�:� �3�7�3�-�3�8�5�.� 

�5�4� �F�o�u�r�n�i�e�r�,� �G�.�,� �J�.� �O�r�g�i�a�z�z�i�,� �B�.� �L�e�n�o�i�r�,� �a�n�d� �M�.� �D�e�c�h�a�v�a�n�n�e�.� �1�9�8�0�.� 
�P�s�e�u�d�o�m�e�m�b�r�a�n�o�u�s� �c�o�l�i�t�i�s� �p�r�o�b�a�b�l�y� �d�u�e� �t�o� �r�i�f�a�m�p�i�c�i�n�.� �L�a�n�c�e�t�.� �i�:� �1�0�1�-�1�0�2�.� 

�5�5� �G�a�l�i�l�i�,� �U�.�,� �S�.� �B�.� �S�h�o�h�e�t�,� �E�.� �K�o�b�r�i�n�,� �C�.� �L�.� �M�.� �S�t�u�l�t�s�,� �B�.� �A�.� �M�a�c�h�e�r�.� �1�9�8�8�.� 
�M�a�n�,� �a�p�e�s�,� �a�n�d� �o�l�d� �w�o�r�l�d� �m�o�n�k�e�y�s� �d�i�f�f�e�r� �f�r�o�m� �o�t�h�e�r� �m�a�m�m�a�l�s� �i�n� �t�h�e� �e�x�p�r�e�s�s�i�o�n� 
�o�f� �a�-�g�a�l�a�c�t�o�s�y�l� �e�p�i�t�o�p�e�s� �o�n� �n�u�c�l�e�a�t�e�d� �c�e�l�l�s�.� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�6�3�:� �1�7�7�5�5�-�1�7�7�6�2�.� 

�5�6� �G�a�l�i�l�i�,� �U�.�,� �B�.� �A�.� �M�a�c�h�e�r�,� �S�.� �B�.� �S�h�o�h�e�t�.� �1�9�8�5�.� �H�u�m�a�n� �n�a�t�u�r�a�l� �a�n�t�i�-�c�-� 
�g�a�l�a�c�t�o�s�y�l� �I�g�G�.� �I�I�.� �T�h�e� �s�p�e�c�i�f�i�c� �r�e�c�o�g�n�i�t�i�o�n� �o�f� �«�(�1�-�3�)�-�l�i�n�k�e�d� �g�a�l�a�c�t�o�s�e� �r�e�s�i�d�u�e�s�.� 
�J�.� �E�x�p�.� �M�e�d�.� �1�6�2�:� �5�7�3�-�5�8�2�.



�3�3� 

�5�7� �G�a�l�i�l�i�,� �U�.�,� �J�.� �B�u�e�h�l�e�r�,� �S�.� �B�.� �S�h�o�h�e�t�,� �B�.� �A�.� �M�a�c�h�e�r�.� �1�9�8�7�.� �T�h�e� �h�u�m�a�n� 
�n�a�t�u�r�a�l� �a�n�t�i�-�G�a�l� �I�g�G�.� �I�I�I�.� �T�h�e� �s�u�b�t�l�e�t�y� �o�f� �i�m�m�u�n�e� �t�o�l�e�r�a�n�c�e� �i�n� �m�a�n� �a�s� 
�d�e�m�o�n�s�t�r�a�t�e�d� �b�y� �c�r�o�s�s� �r�e�a�c�t�i�v�i�t�y� �b�e�t�w�e�e�n� �n�a�t�u�r�a�l� �a�n�t�i�-�G�a�l� �a�n�d� �a�n�t�i�-�B� �a�n�t�i�b�o�d�i�e�s�.� 
�J�.� �E�x�p�.� �M�e�d�.� �1�6�5�:� �6�9�3�-�7�0�4�.� 

�5�8� �G�a�l�i�l�i�,� �U�.� �1�9�8�9�.� �A�b�n�o�r�m�a�l� �e�x�p�r�e�s�s�i�o�n� �o�f� �a�-�g�a�l�a�c�t�o�s�y�l� �e�p�i�t�o�p�e�s� �i�n� �m�a�n�.� 
�L�a�n�c�e�t� �i�i�:� �3�5�8�-�3�6�1�.� 

�5�9� �G�e�o�r�g�e�,� �R�.� �H�.�,� �J�.� �M�.� �S�y�m�o�n�d�s�,� �F�.� �D�i�m�o�c�k�,� �J�.� �D�.� �B�r�o�w�n�,� �Y�.� �A�r�a�b�i�,� �N�.� 
�S�h�i�n�a�g�a�w�a�,� �M�.� �R�.� �B�.� �K�e�i�g�h�l�e�y�,� �J�.� �A�l�e�x�a�n�d�e�r�-�W�i�l�l�i�a�m�s�,� �a�n�d� �D�.� �W�.� �B�u�r�d�o�n�.� �1�9�7�8�.� 
�I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �a�s� �a� �c�a�u�s�e� �o�f� �p�s�e�u�d�o�m�e�m�b�r�a�n�o�u�s� �c�o�l�i�t�i�s�.� �B�r�.� 
�M�e�d�.� �J�.� �1�:� �6�9�5�.� 

�6�0� �G�e�o�r�g�e�,� �W�.� �L�.� �1�9�8�0�.� �A�n�t�i�m�i�c�r�o�b�i�a�l� �a�g�e�n�t�-�a�s�s�o�c�i�a�t�e�d� �c�o�l�i�t�i�s� �a�n�d� �d�i�a�r�r�h�e�a�.� 
�W�e�s�t�.� �J�.� �M�e�d�.� �1�3�3�:� �1�1�5�-�1�2�3�.� 

�6�1� �G�e�o�r�g�e�,� �W�.� �L�.� �1�9�8�4�.� �A�n�t�i�m�i�c�r�o�b�i�a�l� �a�g�e�n�t�-�a�s�s�o�c�i�a�t�e�d� �c�o�l�i�t�i�s� �a�n�d� �d�i�a�r�r�h�e�a�:� 
�h�i�s�t�o�r�i�c�a�l� �b�a�c�k�g�r�o�u�n�d� �a�n�d� �c�l�i�n�i�c�a�l� �a�s�p�e�c�t�s�.� �R�e�v�.� �I�n�f�e�c�t�.� �D�i�s�.� �6�:� �S�2�0�8�-�S�2�1�3�.� 

�6�2� �G�e�o�r�g�e�,� �W�.� �L�.�,� �E�.� �J�.� �C�.� �G�o�l�d�s�t�e�i�n�,� �V�.� �L�.� �S�u�t�t�e�r�,� �S�.� �L�.� �L�u�d�w�i�g�,� �a�n�d� �S�.� �M�.� 
�F�i�n�e�g�o�l�d�.� �1�9�7�8�.� �E�t�i�o�l�o�g�y� �o�f� �a�n�t�i�m�i�c�r�o�b�i�a�l� �a�g�e�n�t�-�a�s�s�o�c�i�a�t�e�d� �c�o�l�i�t�i�s�.� �L�a�n�c�e�t� �i�:� �8�0�2�-� 
�8�0�3�.� 

�6�3� �G�i�l�b�e�r�t�,� �E�.� �R�.� �1�9�8�3�.� �E�r�y�t�h�r�o�c�y�t�e� �a�n�t�i�g�e�n�s� �a�n�d� �a�n�t�i�b�o�d�i�e�s�.� �I�n� �H�e�m�a�t�o�l�o�g�y�.� 
�W�.� �J�.� �W�i�l�l�i�a�m�s�,� �E�.� �B�e�u�t�l�e�r�,� �A�.� �J�.� �E�r�s�l�e�v�,� �a�n�d� �M�.� �A�.� �L�i�c�h�t�m�a�n� �(�E�d�s�.�)�.� �M�c�G�r�a�w�-� 
�H�i�l�l� �B�o�o�k� �C�o�.� �N�e�w� �Y�o�r�k�.� �p�p�.� �1�4�9�1�-�1�5�0�5� �.� 

�6�4� �G�i�l�l�i�g�a�n�,� �P�.� �H�.�,� �L�.� �R�.� �M�c�C�a�r�t�h�y�,� �a�n�d� �V�.� �M�.� �G�e�n�t�a�.� �1�9�8�1�.� �R�e�l�a�t�i�v�e� 
�f�r�e�q�u�e�n�c�y� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�n� �p�a�t�i�e�n�t�s� �w�i�t�h� �d�i�a�r�r�h�e�a�l� �d�i�s�e�a�s�e�.� �J�.� �C�l�i�n�.� 
�M�i�c�r�o�b�i�o�l�.� �1�4�:� �2�6�-�3�1�.� 

�6�5� �G�o�l�d�s�t�e�i�n�,� �I�.� �J�.�,� �a�n�d� �R�.� �D�.� �P�o�r�t�e�z�.� �1�9�8�6�.� �I�s�o�l�a�t�i�o�n�,� �p�h�y�s�i�c�o�c�h�e�m�i�c�a�l� 
�c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n�,� �a�n�d� �c�a�r�b�o�h�y�d�r�a�t�e� �b�i�n�d�i�n�g� �s�p�e�c�i�f�i�c�i�t�y� �o�f� �l�e�c�t�i�n�s�.� �i�n� �T�h�e� �l�e�c�t�i�n�s�:� 
�p�r�o�p�e�r�t�i�e�s�,� �f�u�n�c�t�i�o�n�s�,� �a�n�d� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �b�i�o�l�o�g�y� �a�n�d� �m�e�d�i�c�i�n�e�.� �I�.� �E�.� �L�i�e�n�e�r�,� �N�.� 
�S�h�a�r�o�n�,� �a�n�d� �I�.� �J�.� �G�o�l�d�s�t�e�i�n� �(�E�d�s�.�)�.� �A�c�a�d�e�m�i�c� �P�r�e�s�s� �I�n�c�.� �p�p� �3�3�-�2�4�7�.� 

�6�6� �G�r�e�e�n�f�i�e�l�d�,� �C�.�,� �J�.� �R�.� �A�.� �R�a�m�i�r�e�z�,� �R�.� �E�.� �P�o�u�n�d�e�r�,� �T�.� �W�i�l�l�i�a�m�s�,� �M�.� �D�a�n�v�e�r�s�,� 
�S�.� �R�.� �M�a�r�p�e�r�,� �a�n�d� �P�.� �N�o�o�n�e�.� �1�9�8�3�.� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �a�n�d� �i�n�f�l�a�m�m�a�t�o�r�y� �b�o�w�e�l� 
�d�i�s�e�a�s�e�.� �G�u�t� �2�4�:� �7�1�3�-�7�1�7�.� 

�6�7� �G�r�i�f�f�i�n�,� �G�.� �E�.�.� �A�.� �M�c�D�o�u�g�a�l�l�,� �S�.� �A�.� �A�s�h�,� �a�n�d� �S�.� �P�.� �B�o�r�r�i�e�l�l�o�.� �1�9�8�4�.� �A�g�e� 
�r�e�l�a�t�e�d� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �o�f� �h�a�m�s�t�e�r�s� �t�o� �c�l�i�n�d�a�m�y�c�i�n� �i�n�d�u�c�e�d� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� 
�c�a�e�c�i�t�i�s�.� �M�i�c�r�o�e�c�o�l�.� �T�h�e�r�a�p�y� �1�4�:� �2�6�9�-�2�7�0�.� 

�6�8� �G�r�i�s�h�a�m�,� �M�.� �B�.�,� �a�n�d� �N�.� �G�r�a�n�g�e�r�.� �1�9�8�8�.� �N�e�u�t�r�o�p�h�i�l�-�m�e�d�i�a�t�e�d� �m�u�c�o�s�a�l� 
�i�n�j�u�r�y�:� �r�o�l�e� �o�f� �r�e�a�c�t�i�v�e� �o�x�y�g�e�n� �m�e�t�a�b�o�l�i�t�e�s�.� �D�i�g�e�s�t�.� �D�i�s�.� �S�c�i�.� �3�3�:� �6�S�-�1�5�S�.



�3�4� 

�6�9� �G�u�r�w�i�t�h�,� �M�.� �J�.�,� �C�.� �L�a�n�g�s�t�o�n�,� �a�n�d� �D�.� �M�.� �C�i�t�r�o�n�.� �1�9�8�1�.� �T�o�x�i�n�-�p�r�o�d�u�c�i�n�g� 
�b�a�c�t�e�r�i�a� �i�n� �i�n�f�a�n�t�s�.� �A�m�.� �J�.� �D�i�s�.� �C�h�i�l�d�.� �1�3�5�:� �1�1�0�4�-�1�1�0�6�.� 

�7�0� �G�u�r�w�i�t�h�,� �M�.� �J�.�,� �H�.� �R�.� �R�a�b�i�n�,� �a�n�d� �K�.� �L�o�v�e�.� �1�9�7�7�.� �D�i�a�r�r�h�e�a� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 
�c�l�i�n�d�a�m�y�c�i�n� �a�n�d� �a�m�p�i�c�i�l�l�i�n� �t�h�e�r�a�p�y�:� �p�r�e�l�i�m�i�n�a�r�y� �r�e�s�u�l�t�s� �o�f� �a� �c�o�o�p�e�r�a�t�i�v�e� �s�t�u�d�y�.� �J�.� 
�I�n�f�e�c�t�.� �D�i�s�.� �1�3�5�:� �$�1�0�4�-�S�1�1�0�.� 

�7�1� �H�a�c�h�l�e�r�,� �H�.�,� �a�n�d� �J�.� �W�u�s�t�.� �1�9�8�4�.� �R�e�e�x�a�m�i�n�a�t�i�o�n� �b�y� �b�a�c�t�e�r�i�o�p�h�a�g�e� �t�y�p�i�n�g� 
�o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �s�t�r�a�i�n�s� �i�s�o�l�a�t�e�d� �d�u�r�i�n�g� �a� �n�o�s�o�c�o�m�i�a�l� �o�u�t�b�r�e�a�k�.� �J�.� �C�l�i�n�.� 
�M�i�c�r�o�b�i�o�l�.� �2�0�:� �6�0�4�.� 

�7�2� �H�a�k�o�m�o�r�i�,� �S�.� �I�.� �1�9�8�1�.� �B�l�o�o�d� �g�r�o�u�p� �A�B�H� �a�n�d� �I�i� �a�n�t�i�g�e�n�s� �o�f� �h�u�m�a�n� 
�e�r�y�t�h�r�o�c�y�t�e�s�:� �c�h�e�m�i�s�t�r�y�,� �p�o�l�y�m�o�r�p�h�i�s�m�,� �a�n�d� �t�h�e�i�r� �d�e�v�e�l�o�p�m�e�n�t�a�l� �c�h�a�n�g�e�.� �S�e�m�i�n�.� 
�H�e�m�a�t�o�l�.� �1�8�:� �3�9�-�6�2�.� 

�7�3� �H�a�l�l�,� �I�.� �C�.�,� �a�n�d� �E�.� �O ��T�o�o�l�e�.� �1�9�3�5�.� �I�n�t�e�s�t�i�n�a�l� �f�l�o�r�a� �i�n� �n�e�w�-�b�o�r�n� �i�n�f�a�n�t�s�.� 
�A�m�.� �J�.� �D�i�s�.� �C�h�i�l�d�.� �4�9�:� �3�9�0�-�4�0�2�.� 

�7�4� �H�a�n�s�s�o�n�,� �G�.� �C�.�,� �K�.� �S�i�m�o�n�s�,� �a�n�d� �G�.� �v�a�n� �M�e�e�r�.� �1�9�8�6�.� �T�w�o� �s�t�r�a�i�n�s� �o�f� �t�h�e� 
�M�a�d�i�n�-�D�a�r�b�y� �c�a�n�i�n�e� �k�i�d�n�e�y� �(�M�D�C�K�)� �c�e�l�l� �l�i�n�e� �h�a�v�e� �d�i�s�t�i�n�c�t� �g�l�y�c�o�s�p�h�i�n�g�o�l�i�p�i�d� 
�c�o�m�p�o�s�i�t�i�o�n�s�.� �E�M�B�O� �J�.� �5�:� �4�8�3�-�4�8�9�.� 

�7�5� �H�e�c�h�t�,� �G�.�,� �C�.� �P�o�t�h�o�u�l�a�k�i�s�,� �J�.� �T�.� �L�a�M�o�n�t�,� �a�n�d� �J�.� �L�.� �M�a�d�a�r�a�.� �1�9�8�8�.� 
�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �A� �p�e�r�t�u�r�b�s� �c�y�t�o�s�k�e�l�e�t�a�l� �s�t�r�u�c�t�u�r�e� �a�n�d� �t�i�g�h�t� �j�u�n�c�t�i�o�n� 
�p�e�r�m�e�a�b�i�l�i�t�y� �o�f� �c�u�l�t�u�r�e�d� �h�u�m�a�n� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�a�l� �m�o�n�o�l�a�y�e�r�s�.� �J�.� �C�l�i�n�.� �I�n�v�e�s�t�.� 
�8�2�:� �1�5�1�6�-�1�5�2�4�.� 

�7�6� �H�o�l�g�e�r�s�s�o�n�,� �J�.�,� �N�.� �S�t�r�o�m�b�e�r�g�,� �a�n�d� �M�.� �E�.� �B�r�e�i�m�e�r�.� �1�9�8�8�.� �G�l�y�c�o�l�i�p�i�d�s� �o�f� 
�h�u�m�a�n� �l�a�r�g�e� �i�n�t�e�s�t�i�n�e�:� �d�i�f�f�e�r�e�n�c�e� �i�n� �g�l�y�c�o�l�i�p�i�d� �e�x�p�r�e�s�s�i�o�n� �r�e�l�a�t�e�d� �t�o� �a�n�a�t�o�m�i�c�a�l� 
�l�o�c�a�l�i�z�a�t�i�o�n�,� �e�p�i�t�h�e�l�i�a�l�/�n�o�n�-�e�p�i�t�h�e�l�i�a�l� �t�i�s�s�u�e� �a�n�d� �t�h�e� �A�B�O�,� �L�e� �a�n�d� �S�e� �p�h�e�n�o�t�y�p�e�s� 
�o�f� �t�h�e� �d�o�n�o�r�s�.� �B�i�o�c�h�e�m�.� �7�0�:� �1�5�6�5�-�1�5�7�4�.� 

�7�7� �H�u�m�p�h�r�e�y�,� �C�.� �D�.�,� �W�.� �B�.� �L�u�s�h�b�a�u�g�h�,� �C�.� �W�.� �C�o�n�d�o�n�,� �J�.� �C�.� �P�i�t�t�m�a�n�,� �a�n�d� �F�.� 
�E�.� �P�i�t�t�m�a�n�.� �1�9�7�9�.� �L�i�g�h�t� �a�n�d� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�i�c� �s�t�u�d�i�e�s� �o�f� �a�n�t�i�b�i�o�t�i�c� �a�s�s�o�c�i�a�t�e�d� 
�c�o�l�i�t�i�s� �i�n� �t�h�e� �h�a�m�s�t�e�r�.� �G�u�t� �2�0�:� �6�-�1�5�.� 

�7�8� �I�a�c�o�n�i�s�,� �J�.� �P�.�,� �a�n�d� �R�.� �D�.� �R�o�l�f�e�.� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�-�a�s�s�o�c�i�a�t�e�d� �i�l�e�o�c�e�c�i�t�i�s� �i�n� 
�c�l�i�n�d�a�m�y�c�i�n�-�t�r�e�a�t�e�d� �i�n�f�a�n�t� �h�a�m�s�t�e�r�s�.� �C�u�r�r�.� �M�i�c�r�o�b�i�o�l�.� �1�3�:� �3�2�7�-�3�3�2�.� 

�7�9� �K�a�g�a�w�a�,� �Y�.�,� �S�.� �T�a�k�a�s�a�k�i�,� �J�.� �U�t�s�u�m�i�,� �K�.� �H�o�s�o�i�,� �H�.� �S�h�i�m�i�z�u�,� �N�.� �K�o�c�h�i�b�e�,� �a�n�d� 
�A�.� �K�o�b�a�t�a�.� �1�9�8�8�.� �C�o�m�p�a�r�a�t�i�v�e� �s�t�u�d�y� �o�f� �t�h�e� �a�s�p�a�r�a�g�i�n�e�-�l�i�n�k�e�d� �s�u�g�a�r� �c�h�a�i�n�s� �o�f� 
�n�a�t�u�r�a�l� �h�u�m�a�n� �i�n�t�e�r�f�e�r�o�n�-�6�1� �a�n�d� �r�e�c�o�m�b�i�n�a�n�t� �h�u�m�a�n� �i�n�t�e�r�f�e�r�o�n�#�1� �p�r�o�d�u�c�e�d� �b�y� 
�t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �m�a�m�m�a�l�i�a�n� �c�e�l�l�s�.� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�6�3�:�1�7�5�0�8�-�1�7�5�1�5�.� 

�8�0� �K�a�h�n�,� �M�.� �Y�.�,� �a�n�d� �W�.� �H�.� �H�a�l�l�.� �1�9�6�6�.� �S�t�a�p�h�y�l�o�c�o�c�c�a�l� �e�n�t�e�r�o�c�o�l�i�t�i�s�-� 
�t�r�e�a�t�m�e�n�t� �w�i�t�h� �o�r�a�l� �v�a�n�c�o�m�y�c�i�n�.� �A�n�n�.� �I�n�t�e�r�n�.� �M�e�d�.� �6�5�:� �1�-�8�.



�3�5� 

�8�1� �K�a�r�l�s�o�n�,� �K�.�-�A�.� �1�9�8�9�.� �A�n�i�m�a�l� �g�l�y�c�o�s�p�h�i�n�g�o�l�i�p�i�d�s� �a�s� �m�e�m�b�r�a�n�e� �a�t�t�a�c�h�m�e�n�t� 
�s�i�t�e�s� �f�o�r� �b�a�c�t�e�r�i�a�.� �A�n�n�.� �R�e�v�.� �B�i�o�c�h�e�m�.� �5�8�:� �3�0�9�-�3�5�0�.� 

�8�2� �K�a�r�s�c�h�,� �W�.�,� �E�.� �S�t�r�e�l�a�u�,� �W�.�-�D�.� �G�r�a�h�l�o�w�,� �E�.� �F�i�s�c�h�e�r�,� �a�n�d� �R�.� �S�c�h�u�l�z�.� �1�9�8�9�.� 
�O�c�c�u�r�e�n�c�e� �a�n�d� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�n� �f�a�e�c�a�l� �s�p�e�c�i�m�e�n�s� �o�f� 
�h�o�s�p�i�t�a�l�i�z�e�d� �c�h�i�l�d�r�e�n�.� �Z�b�l�.� �B�a�k�t�.� �H�y�g�.� �2�7�0�:� �4�4�1�-�4�4�8�.� 

�8�3� �K�e�i�g�h�l�e�y�,� �M�.� �R�.� �B�.�,� �D�.� �Y�o�u�n�g�s�,� �M�.� �J�o�h�n�s�o�n�,� �R�.� �N�.� �A�l�l�e�n�,� �a�n�d� �D�.� �W�.� 
�B�u�r�d�o�n�.� �1�9�8�2�.� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �i�n� �a�c�u�t�e� �d�i�a�r�r�h�o�e�a� �c�o�m�p�l�i�c�a�t�i�n�g� 
�i�n�f�l�a�m�m�a�t�o�r�y� �b�o�w�e�l� �d�i�s�e�a�s�e�.� �G�u�t� �2�3�:� �4�1�0�-�4�1�4�.� 

�8�4� �K�i�m�,� �K�.�,� �H�.� �L�.� �D�u�p�o�n�t�,� �a�n�d� �L�.� �K�.� �P�i�c�k�e�r�i�n�g�.� �1�9�8�3�.� �O�u�t�b�r�e�a�k�s� �o�f� �d�i�a�r�r�h�e�a� 
�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �a�n�d� �i�t�s� �t�o�x�i�n� �i�n� �d�a�y�-�c�a�r�e� �c�e�n�t�e�r�s�:� �e�v�i�d�e�n�c�e� �o�f� 
�p�e�r�s�o�n�-�t�o�-�p�e�r�s�o�n� �s�p�r�e�a�d�.� �J�.� �P�e�d�i�a�t�r�.� �1�0�2�:� �3�7�6�-�3�8�2�.� 

�8�5� �K�i�m�,� �K�.�-�H�.�,� �R�.� �F�e�k�e�t�y�,� �D�.� �H�.� �B�a�t�t�s�,� �D�.� �B�r�o�w�n�,� �M�.� �C�u�d�m�o�r�e�,� �J�.� �S�i�l�v�a�,� �J�r�.�,� 
�a�n�d� �D�.� �W�a�t�e�r�s�.� �1�9�8�1�.� �I�s�o�l�a�t�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �f�r�o�m� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� 
�c�o�n�t�a�c�t�s� �o�f� �p�a�t�i�e�n�t�s� �w�i�t�h� �a�n�t�i�b�i�o�t�i�c�-�a�s�s�o�c�i�a�t�e�d� �c�o�l�i�t�i�s�.� �J�.� �I�n�f�e�c�t�.� �D�i�s�.� �1�4�3�:� �4�2�-�5�0�.� 

�8�6� �K�i�m�,� �K�.�,� �L�.� �K�.� �P�i�c�k�e�r�i�n�g�,� �H�.� �L�.� �D�u�P�o�n�t�,� �N�.� �S�u�l�l�i�v�a�n�,� �T�.� �W�i�l�k�i�n�s�.� �1�9�8�4�.� �I�n� 
�v�i�t�r�o� �a�n�d� �i�n� �v�i�v�o� �n�e�u�t�r�a�l�i�z�i�n�g� �a�c�t�i�v�i�t�y� �o�f� �h�u�m�a�n� �c�o�l�o�s�t�r�u�m� �a�n�d� �m�i�l�k� �a�g�a�i�n�s�t� 
�p�u�r�i�f�i�e�d� �t�o�x�i�n�s� �A� �a�n�d� �B� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�.� �J�.� �I�n�f�e�c�t�.� �D�i�s�.� �1�5�0�:� �5�7�-�6�2�.� 

�8�7� �K�i�m�,� �P�.�-�H�.�,� �J�.� �P�.� �I�a�c�o�n�i�s�,� �a�n�d� �R�.� �D�.� �R�o�l�f�e�.� �1�9�8�7�.� �I�m�m�u�n�i�z�a�t�i�o�n� �o�f� �a�d�u�l�t� 
�h�a�m�s�t�e�r�s� �a�g�a�i�n�s�t� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�-�a�s�s�o�c�i�a�t�e�d� �i�l�e�o�c�e�c�i�t�i�s� �a�n�d� �t�r�a�n�s�f�e�r� �o�f� 
�p�r�o�t�e�c�t�i�o�n� �t�o� �i�n�f�a�n�t� �h�a�m�s�t�e�r�s�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �5�5�:� �2�9�8�4�-�2�9�9�2�.� 

�8�8� �K�n�o�o�p�,� �F�.� �C�.� �1�9�7�9�.� �C�l�i�n�d�a�m�y�c�i�n�-�a�s�s�o�c�i�a�t�e�d� �e�n�t�e�r�o�c�o�l�i�t�i�s� �i�n� �g�u�i�n�e�a� �p�i�g�s�:� 
�e�v�i�d�e�n�c�e� �f�o�r� �a� �b�a�c�t�e�r�i�a�l� �t�o�x�i�n�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �2�3�:� �3�1�-�3�3�.� 

�8�9� �K�o�b�a�t�a�,� �A�.� �1�9�8�4�.� �T�h�e� �c�a�r�b�o�h�y�d�r�a�t�e�s� �o�f� �g�l�y�c�o�p�r�o�t�e�i�n�s�.� �I�n� �V�o�l�.� �2� �B�i�o�l�o�g�y� 
�o�f� �c�a�r�b�o�h�y�d�r�a�t�e�s�.� �V�.� �G�i�n�d�b�u�r�g� �a�n�d� �P�.� �W�.� �R�o�b�b�i�n�s� �(�E�d�s�.�)�.� �J�o�h�n� �W�i�l�e�y� �a�n�d� �S�o�n�s�.� 
�p�p� �8�7�-�1�6�1�.� 

�9�0� �K�o�r�n�f�e�l�d�,� �R�.�,� �a�n�d� �S�.� �K�o�r�n�f�e�l�d�.� �1�9�8�5�.� �A�s�s�e�m�b�l�y� �o�f� �a�s�p�a�r�a�g�i�n�e�-�l�i�n�k�e�d� 
�o�l�i�g�o�s�a�c�c�h�a�r�i�d�e�s�.� �A�n�n�.� �R�e�v�.� �B�i�o�c�h�e�m�.� �5�4�:� �6�3�1�-�6�6�4�.� 

�9�1� �K�r�i�v�a�n�,� �H�.� �C�.�,�G�.� �F�.� �C�l�a�r�k�,� �D�.� �F�.� �S�m�i�t�h�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�6�.� �C�e�l�l� 
�s�u�r�f�a�c�e� �b�i�n�d�i�n�g� �s�i�t�e� �f�o�r� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �e�n�t�e�r�o�t�o�x�i�n�:� �e�v�i�d�e�n�c�e� �f�o�r� �a� 
�g�l�y�c�o�c�o�n�j�u�g�a�t�e� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �s�e�q�u�e�n�c�e� �G�a�l� �1�-�3�G�a�l�g� �1�-�4�G�I�c�N�A�c�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� 
�5�3�:� �5�7�3�-�5�8�1�.� 

�9�2� �K�r�i�v�a�n�,� �H�.� �C�.�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�7�.� �P�u�r�i�f�i�c�a�t�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� 
�t�o�x�i�n� �A� �b�y� �a�f�f�i�n�i�t�y� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �o�n� �i�m�m�o�b�i�l�i�z�e�d� �t�h�y�r�o�g�l�o�b�u�l�i�n�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� 
�5�5�:� �1�8�7�3�-�1�8�7�7�.



�3�6� 

�9�3� �K�u�s�h�n�a�r�y�o�v�,� �V�.�,� �a�n�d� �J�.� �J�.� �S�e�d�m�a�k�.� �1�9�8�9�.� �E�f�f�e�c�t� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� 
�e�n�t�e�r�o�t�o�x�i�n� �A� �o�n� �u�l�t�r�a�s�t�r�u�c�t�u�r�e� �o�f� �C�h�i�n�e�s�e� �h�a�m�s�t�e�r� �o�v�a�r�y� �c�e�l�l�s�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� 
�5�7�:� �3�9�1�4�-�3�9�2�1�.� 

�9�4� �L�a�r�s�o�n�,� �H�.� �E�.�,� �F�.� �E�.� �B�a�r�c�l�a�y�,� �P�.� �H�o�n�o�u�r�,� �a�n�d� �I�.� �D�.� �H�i�l�l�.� �1�9�8�2�.� 
�E�p�i�d�e�m�i�o�l�o�g�y� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�n� �i�n�f�a�n�t�s�.� �J�.� �I�n�f�e�c�t�.� �D�i�s�.� �1�4�6�:� �7�2�7�-�7�3�3�.� 

�9�5� �L�a�r�s�o�n�,� �H�.� �E�.�,� �P�.� �H�o�n�o�u�r�,� �A�.� �B�.� �P�r�i�c�e�,� �a�n�d� �S�.� �P�.� �B�o�r�r�i�e�l�l�o�.� �1�9�7�8�.� 
�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �a�n�d� �t�h�e� �e�t�i�o�l�o�g�y� �o�f� �p�s�e�u�d�o�m�e�m�b�r�a�n�o�u�s� �c�o�l�i�t�i�s�.� �L�a�n�c�e�t� �i�:� 
�1�0�6�3�-�1�0�6�6�.� 

�9�6� �L�a�r�s�o�n�,� �H�.� �E�.�,� �a�n�d� �A�.� �B�.� �P�r�i�c�e�.� �1�9�7�7�.� �P�s�e�u�d�o�m�e�m�b�r�a�n�o�u�s� �c�o�l�i�t�i�s�:� 
�p�r�e�s�e�n�c�e� �o�f� �c�l�o�s�t�r�i�d�i�a�l� �t�o�x�i�n�.� �L�a�n�c�e�t� �i�i�:� �1�3�1�2�-�1�3�1�4�.� 

�9�7� �L�e�v�e�t�t�,� �P�.� �N�.� �1�9�8�6�.� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�n� �h�a�b�i�t�a�t�s� �o�t�h�e�r� �t�h�a�n� �t�h�e� �h�u�m�a�n� 
�g�a�s�t�r�o�-�i�n�t�e�s�t�i�n�a�l� �t�r�a�c�t�.� �J�.� �I�n�f�e�c�t�.� �1�2�:� �2�5�3�-�2�6�3�.� 

�9�8� �L�i�b�b�y�,� �J�.� �M�.�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�2�.� �P�r�o�d�u�c�t�i�o�n� �o�f� �a�n�t�i�t�o�x�i�n�s� �t�o� �t�w�o� 
�t�o�x�i�n�s� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �a�n�d� �i�m�m�u�n�o�l�o�g�i�c�a�l� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �t�o�x�i�n�s� �b�y� 
�c�r�o�s�s�-�n�e�u�t�r�a�l�i�z�a�t�i�o�n� �s�t�u�d�i�e�s�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �3�5�:� �3�7�4�-�3�7�6�.� 

�9�9� �L�i�b�b�y�,� �J�.� �M�.�,� �B�.� �S�.� �J�o�r�t�n�e�r�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�2�.� �E�f�f�e�c�t�s� �o�f� �t�h�e� �t�o�x�i�n�s� 
�o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�n� �a�n�t�i�b�i�o�t�i�c�-�a�s�s�o�c�i�a�t�e�d� �c�e�c�i�t�i�s� �i�n� �h�a�m�s�t�e�r�s�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� 
�3�6�:� �8�2�2�-�8�2�9�.� 

�1�0�0� �=� �L�i�b�b�y�,� �J�.� �M�.�,� �S�.� �T�.� �D�o�n�t�a�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�3�.� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� 
�t�o�x�i�n� �A� �i�n� �i�n�f�a�n�t�s�.� �J�.� �I�n�f�e�c�t�.� �D�i�s�.� �1�4�8�:� �6�0�6�.� 

�1�0�1� �L�i�m�a�,� �A�.� �M�.� �A�,�,� �D�.� �J�.� �I�n�n�e�s�,� �J�r�.�,� �K�.� �C�h�a�d�e�e�,� �D�.� �M�.� �L�y�e�r�l�y�,� �T�.� �D�.� �W�i�l�k�i�n�s�,� 
�a�n�d� �R�.� �L�.� �G�u�e�r�r�a�n�t�.� �1�9�8�9�.� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �A�:� �i�n�t�e�r�a�c�t�i�o�n�s� �w�i�t�h� �m�u�c�u�s� 
�a�n�d� �e�a�r�l�y� �s�e�q�u�e�n�t�i�a�l� �h�i�s�t�o�p�a�t�h�o�l�o�g�i�c� �e�f�f�e�c�t�s� �i�n� �r�a�b�b�i�t� �s�m�a�l�l� �i�n�t�e�s�t�i�n�e�s�.� �L�a�b�.� �I�n�v�e�s�t�.� 
�6�1�:� �4�1�9�-�4�2�5�.� 

�1�0�2�.� �L�i�m�a�,� �A�.� �A�.� �M�.�,� �D�.� �M�.� �L�y�e�r�l�y�,� �T�.� �D�.� �W�i�l�k�i�n�s�,� �D�.� �J�.� �I�n�n�e�s�,� �a�n�d� �R�.� �L�.� 
�G�u�e�r�r�a�n�t�.� �1�9�8�8�.� �E�f�f�e�c�t�s� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n�s� �A� �a�n�d� �B� �i�n� �r�a�b�b�i�t� �s�m�a�l�l� 
�a�n�d� �l�a�r�g�e� �i�n�t�e�s�t�i�n�e� �i�n� �v�i�v�o� �a�n�d� �o�n� �c�u�l�t�u�r�e�s� �c�e�l�l�s� �i�n� �v�i�t�r�o�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �5�6�:� �5�8�2�-� 
�5�8�8�.� 

�1�0�3�.� �_�~ ��L�u�s�k�,� �R�.� �H�.�,� �R�.� �F�e�k�e�t�y�,� �J�.� �S�i�l�v�a�,� �R�.� �A�.� �B�r�o�w�n�e�,� �D�.� �H�.� �R�i�n�g�l�e�r�,� �a�n�d� �G�.� �D�.� 
�A�b�r�a�m�s�.� �1�9�7�8�.� �C�l�i�n�d�a�m�y�c�i�n�-�i�n�d�u�c�e�d� �e�n�t�e�r�o�c�o�l�i�t�i�s� �i�n� �h�a�m�s�t�e�r�s�.� �J�.� �I�n�f�e�c�t�.� �D�i�s�.� 
�1�3�7�:� �4�6�4�-�4�7�5�.� 

�1�0�4� �~�= �� �L�y�e�r�l�y�,� �D�.� �M�.�,� �P�.� �E�.� �C�a�r�r�i�g�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�9�.� �S�u�s�c�e�p�t�i�b�i�l�i�t�y� �o�f� 
�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n�s� �A� �a�n�d� �B� �t�o� �t�r�y�p�s�i�n� �a�n�d� �c�h�y�m�o�t�r�y�p�s�i�n�.� �M�i�c�r�o�b�i�a�l� �E�c�o�l�.� 
�H�e�a�l�t�h� �D�i�s�.� �2�:� �2�1�9�-�2�2�1�.



�3�7� 

�1�0�5�_�_ �� �L�y�e�r�l�y�,� �D�.� �M�.�,� �P�.� �E�.� �C�a�r�r�i�g�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�9�.� �N�o�n�s�p�e�c�i�f�i�c� �b�i�n�d�i�n�g� 
�o�f� �m�o�u�s�e� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�i�e�s� �t�o� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n�s� �A� �a�n�d� �B�.� �C�u�r�r�.� 
�M�i�c�r�o�b�i�o�l�.� �1�9�:� �3�0�3�-�3�0�6�.� 

�1�0�6� �L�y�e�r�l�y�,� �D�.� �M�.�,� �H�.� �C�.� �K�r�i�v�a�n�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�8�.� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�:� 
�I�t�s� �d�i�s�e�a�s�e� �a�n�d� �t�o�x�i�n�s�.� �C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �R�e�v�.� �1�:� �1�-�1�8�.� 

�1�0�7� �_ ��_� �L�y�e�r�l�y�,� �D�.� �M�.�,� �M�.� �D�.� �R�o�b�e�r�t�s�,� �C�.� �J�.� �P�h�e�l�p�s�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�6�.� 
�P�u�r�i�f�i�c�a�t�i�o�n� �a�n�d� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�o�x�i�n�s� �A� �a�n�d� �B� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�.� �F�E�M�S� 
�M�i�c�r�o�b�i�o�l�.� �L�e�t�t�.� �3�3�:� �3�1�-�3�5�.� 

�1�0�8� �L�y�e�r�l�y�,� �D�.� �M�.�,� �K�.� �E�.� �S�a�u�m�,� �D�.� �K�.� �M�a�c�D�o�n�a�l�d�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�5�.� 
�E�f�f�e�c�t�s� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n�s� �g�i�v�e�n� �i�n�t�r�a�g�a�s�t�r�i�c�a�l�l�y� �t�o� �a�n�i�m�a�l�s�.� �I�n�f�e�c�t�.� 
�I�m�m�u�n�.� �4�7�:� �3�4�9�-�3�5�2�.� 

�1�0�9� �=� �L�y�e�r�l�y�,� �D�.� �M�.�,� �C�.� �J�.� �P�h�e�l�p�s�,� �J�.� �T�o�t�h�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�6�.� 
�C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �t�o�x�i�n�s� �A� �a�n�d� �B� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �w�i�t�h� �m�o�n�o�c�l�o�n�a�l� 
�a�n�t�i�b�o�d�i�e�s�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �5�4�:� �7�0�-�7�6�.� 

�1�1�0� �L�y�e�r�l�y�,� �D�.� �M�,� �C�.� �J�.� �P�h�e�l�p�s�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�5�.� �M�o�n�o�c�l�o�n�a�l� �a�n�d� 
�s�p�e�c�i�f�i�c� �p�o�l�y�c�l�o�n�a�l� �a�n�t�i�b�o�d�i�e�s� �f�o�r� �i�m�m�u�n�o�a�s�s�a�y� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �A�.� �J�.� 
�C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �2�1�:� �1�2�-�1�4�.� 

�1�1�1� �~�L�y�e�r�l�y�,� �D�.� �M�.�,� �D�.� �E�.� �L�o�c�k�w�o�o�d�,� �S�.� �H�.� �R�i�c�h�a�r�d�s�o�n�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� 
�1�9�8�2�.� �B�i�o�l�o�g�i�c�a�l� �a�c�t�i�v�i�t�i�e�s� �o�f� �t�o�x�i�n�s� �A� �a�n�d� �B� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�.� �I�n�f�e�c�t�.� 
�I�m�m�u�n�.� �3�5�:� �1�1�4�7�-�1�1�5�0�.� 

�1�1�2� �~ �� �L�y�e�r�l�y�,� �D�.� �M�.�,� �N�.� �M�.� �S�u�l�l�i�v�a�n�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�3�.� �E�n�z�y�m�e�-�l�i�n�k�e�d� 
�i�m�m�u�n�o�s�o�r�b�e�n�t� �a�s�s�a�y� �f�o�r� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �A�.� �J�.� �C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �1�7�:� �7�2�-� 
�7�8�.� 

�1�1�3�.� �M�a�c�h�e�r�,� �B�.� �A�.�,� �a�n�d� �C�.� �C�.� �S�w�e�e�l�e�y�.� �1�9�7�8�.� �G�l�y�c�o�s�p�h�i�n�g�o�l�i�p�i�d�s�:� �s�t�r�u�c�t�u�r�e�,� 
�b�i�o�l�o�g�i�c�a�l� �s�o�u�r�c�e�,� �a�n�d� �p�r�o�p�e�r�t�i�e�s�.� �M�e�t�h�o�d�s� �E�n�z�y�m�o�l�.� �5�0�:� �2�3�6�-�2�5�1�.� 

�1�1�4�.� �M�a�d�d�o�x�,� �D�.� �E�.�,� �S�.� �S�h�i�b�a�t�a�,� �a�n�d� �I�.� �J�.� �G�o�l�d�s�t�e�i�n�.� �1�9�8�2�.� �S�t�i�m�u�l�a�t�e�d� 
�m�a�c�r�o�p�h�a�g�e�s� �e�x�p�r�e�s�s� �a� �n�e�w� �g�l�y�c�o�p�r�o�t�e�i�n� �r�e�c�e�p�t�o�r� �r�e�a�c�t�i�v�e� �w�i�t�h� �G�r�i�f�f�o�n�i�a� 
�s�i�m�p�l�i�c�i�f�o�l�i�a� �I�-�B�,� �i�s�o�l�e�c�t�i�n�.� �P�r�o�c�.� �N�a�t�l�.� �A�c�a�d�.� �S�c�i�.� �U�S�A� �7�9�:� �1�6�6�-�1�7�0�.� 

�1�1�5�.� �M�a�l�a�m�o�u�-�L�a�d�a�s�,� �H�.�,� �S�.� �O ��F�a�r�r�e�l�l�,� �J�.� �Q�.� �N�a�s�h�,� �a�n�d� �S�.� �T�a�b�a�q�c�h�a�l�i�.� �1�9�8�3�.� 
�I�s�o�l�a�t�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �f�r�o�m� �p�a�t�i�e�n�t�s� �a�n�d� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �o�f� �h�o�s�p�i�t�a�l� 
�w�a�r�d�s�.� �J�.� �C�l�i�n�.� �P�a�t�h�o�l�.� �3�6�:� �8�8�-�9�2�.� 

�1�1�6� �M�a�r�d�h�,� �P�.�-�A�,�,� �I�.� �H�e�l�i�n�,� �I�.� �C�o�l�l�e�e�n�,� �M�.� �O�b�e�r�g�,� �a�n�d� �E�.� �H�o�l�s�t�.� �1�9�8�2�.� 
�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �i�n� �f�a�e�c�a�l� �s�p�e�c�i�m�e�n�s� �o�f� �h�e�a�l�t�h�y� �c�h�i�l�d�r�e�n� �a�n�d� �c�h�i�l�d�r�e�n� �w�i�t�h� 
�d�i�a�r�r�h�o�e�a�.� �A�c�t�a�.� �P�e�d�i�a�t�r�.� �S�c�a�n�d�.� �7�1�:� �2�7�5�-�2�7�8�.



�3�8� 

�1�1�7�.� �M�a�r�t�i�n�e�z�,� �R�.� �D�.�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�8�.� �P�u�r�i�f�i�c�a�t�i�o�n� �a�n�d� 
�c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �s�o�r�d�e�l�l�i�i� �h�e�m�o�r�r�h�a�g�i�c� �t�o�x�i�n� �a�n�d� �c�r�o�s�s�-�r�e�a�c�t�i�v�i�t�y� �w�i�t�h� 
�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �A� �(�e�n�t�e�r�o�t�o�x�i�n�)�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �5�6�:� �1�2�1�5�-�1�2�2�1�.� 

�1�1�8� �M�a�t�l�i�n�,� �K�.� �S�.�,� �a�n�d� �K�.� �S�i�m�o�n�s�.� �1�9�8�4�.� �S�o�r�t�i�n�g� �o�f� �a�p�i�c�a�l� �p�l�a�s�m�a� �m�e�m�b�r�a�n�e� 
�g�l�y�c�o�p�r�o�t�e�i�n� �o�c�c�u�r�s� �b�e�f�o�r�e� �i�t� �r�e�a�c�h�e�s� �t�h�e� �c�e�l�l� �s�u�r�f�a�c�e� �i�n� �c�u�l�t�u�r�e�d� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s�.� 
�J�.� �C�e�l�l�.� �B�i�o�l�.� �9�9�:� �2�1�3�1�-�2�1�3�9�.� 

�1�1�9� �M�e�a�d�o�r� �I�I�I�,� �J�.�.� �a�n�d� �R�.� �K�.� �T�w�e�t�e�n�.� �1�9�8�8�.� �P�u�r�i�f�i�c�a�t�i�o�n� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� 
�o�f� �t�o�x�i�n� �B� �f�r�o�m� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �5�6�:� �1�7�0�8�-�1�7�1�4�.� 

�1�2�0� �M�e�y�e�r�s�,� �S�.�,� �L�.� �M�a�y�e�r�,� �E�.� �B�o�t�t�o�n�e�,� �E�.� �D�e�s�m�o�n�d�.� �a�n�d� �H�.� �D�.� �J�a�n�o�w�i�t�z�.� �1�9�8�1�.� 
�O�c�c�u�r�e�n�c�e� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �d�u�r�i�n�g� �t�h�e� �c�o�u�r�s�e� �o�f� �i�n�f�l�a�m�m�a�t�o�r�y� �b�o�w�e�l� 
�d�i�s�e�a�s�e�.� �G�a�s�t�r�o�e�n�t�e�r�o�l�o�g�y� �8�0�:� �6�9�7�-�7�0�0�.� 

�1�2�1� �M�i�s�e�k�,� �D�.� �E�.�,� �E�.� �B�a�r�d�,� �a�n�d� �E�.� �R�o�d�r�i�g�u�e�z�-�B�o�u�l�a�n�.� �B�i�o�g�e�n�e�s�i�s� �o�f� �e�p�i�t�h�e�l�i�a�l� 
�c�e�l�l�s� �p�o�l�a�r�i�t�y�:� �i�n�t�r�a�c�e�l�l�u�l�a�r� �s�o�r�t�i�n�g� �a�n�d� �v�e�c�t�o�r�i�a�l� �e�x�o�c�y�t�o�s�i�s� �o�f� �a�n� �a�p�i�c�a�l� �p�l�a�s�m�a� 
�m�e�m�b�r�a�n�e�.� �C�e�l�l� �3�9�:� �5�3�7�-�5�4�6�.� 

�1�2�2� �M�.� �J�.� �M�i�t�c�h�e�l�l�,� �B�.� �E�.� �L�a�u�g�o�n�,� �a�n�d� �S�.� �L�i�n�.� �1�9�8�7�.� �B�i�o�c�h�e�m�i�c�a�l� �s�t�u�d�i�e�s� �o�n� 
�t�h�e� �e�f�f�e�c�t� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �B� �o�n� �a�c�t�i�n� �i�n� �v�i�v�o� �a�n�d� �i�n� �v�i�t�r�o�.� �I�n�f�e�c�t�.� 
�I�m�m�u�n�.� �5�5�:� �1�6�1�0�-�1�6�1�5�.� 

�1�2�3�.� �M�i�t�c�h�e�l�l�,� �T�.� �J�.�,� �J�.� �M�.� �K�e�t�l�e�y�,� �D�.� �W�.� �B�u�r�d�o�n�,� �D�.� �C�.� �A�.� �C�a�n�d�y�,� �a�n�d� �J�.� 
�S�t�e�p�h�e�n�.� �1�9�8�7�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �c�r�u�d�e� �t�o�x�i�n�s� �a�n�d� �p�u�r�i�f�i�e�d� �t�o�x�i�n� 
�A� �o�n� �s�t�r�i�p�p�e�d� �r�a�b�b�i�t� �i�l�e�a�l� �m�u�c�o�s�a� �i�n� �U�s�s�i�n�g� �c�h�a�m�b�e�r�s�.� �J�.� �M�e�d�.� �M�i�c�r�o�b�i�o�l�.� �2�3�:� �1�9�9�-� 
�2�0�4�.� 

�1�2�4� �M�i�t�c�h�e�l�l�,� �T�.� �J�.�,� �J�.� �M�.� �K�e�t�l�e�y�,� �D�.� �W�.� �B�u�r�d�o�n�,� �D�.� �C�.� �A�.� �C�a�n�d�y�,� �J�.� �S�t�e�p�h�e�n�.� 
�1�9�8�7�.� �B�i�o�l�o�g�i�c�a�l� �m�o�d�e� �o�f� �a�c�t�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �A�:� �a� �n�o�v�e�l� 
�e�n�t�e�r�o�t�o�x�i�n�.� �J�.� �M�e�d�.� �M�i�c�r�o�b�i�o�l�.� �2�3�:� �2�1�1�-�2�1�9�.� 

�1�2�5�.� �M�i�t�c�h�e�l�l�,� �T�.� �J�.�,� �J�.� �M�.� �K�e�t�l�e�y�,� �S�.� �C�.� �H�a�s�l�a�m�,� �J�.� �S�t�e�p�h�e�n�,� �D�.� �W�.� �B�u�r�d�o�n�,� �D�.� 
�C�.� �A�.� �C�a�n�d�y�,� �a�n�d� �R�.� �D�a�n�i�e�l�.� �1�9�8�6�.� �E�f�f�e�c�t� �o�f� �t�o�x�i�n� �A� �a�n�d� �B� �o�f� �C�l�o�s�t�r�i�d�i�u�m� 
�d�i�f�f�i�c�i�l�e� �o�n� �r�a�b�b�i�t� �i�l�e�u�m� �a�n�d� �c�o�l�o�n�.� �G�u�t� �2�7�:� �7�8�-�8�5�.� 

�1�2�6� �M�o�n�t�r�e�u�i�l�,� �J�.�,� �1�9�8�0�.� �P�r�i�m�a�r�y� �s�t�r�u�c�t�u�r�e� �o�f� �g�l�y�c�o�p�r�o�t�e�i�n� �g�l�y�c�a�n�s�:� �b�a�s�i�s� �f�o�r� 
�t�h�e� �m�o�l�e�c�u�l�a�r� �b�i�o�l�o�g�y� �o�f� �g�l�y�c�o�p�r�o�t�e�i�n�s�.� �A�d�v�a�n�.� �C�a�r�b�o�h�y�d�r�a�t�e� �C�h�e�m�.� �B�i�o�c�h�e�m�.� �3�7�:� 
�1�5�7�-�2�2�3�.� 

�1�2�7�.� �M�o�s�k�o�v�i�t�z�,� �M�.�,� �a�n�d� �J�.� �G�.� �B�a�r�t�l�e�t�t�.� �1�9�8�1�.� �R�e�c�u�r�r�e�n�t� �p�s�e�u�d�o�m�e�m�b�r�a�n�o�u�s� 
�c�o�l�i�t�i�s� �u�n�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �p�r�i�o�r� �a�n�t�i�b�i�o�t�i�c� �t�h�e�r�a�p�y�.� �A�r�c�h�.� �I�n�t�e�r�n�.� �M�e�d�.� �1�4�1�:� �6�6�3�-� 
�6�6�4�.



�3�9� 

�1�2�8� �M�u�l�l�i�g�a�n�,� �M�.� �E�.�,� �R�.� �D�.� �R�o�l�f�e�,� �S�.� �M�.� �F�i�n�e�g�o�l�d�,� �a�n�d� �W�.� �L�.� �G�e�o�r�g�e�.� �1�9�7�9�.� 
�C�o�n�t�a�m�i�n�a�t�i�o�n� �o�f� �a� �h�o�s�p�i�t�a�l� �e�n�v�i�r�o�n�m�e�n�t� �b�y� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�.� �C�u�r�r�.� �M�i�c�r�o�b�i�o�l�.� 
�3�:� �1�7�3�-�1�7�5�.� 

�1�2�9�.� �M�u�r�a�m�a�t�s�u�,� �T�a�k�a�s�h�i�.� �1�9�8�8�.� �A�l�t�e�r�a�t�i�o�n�s� �o�f� �c�e�l�l�-�s�u�r�f�a�c�e� �c�a�r�b�o�h�y�d�r�a�t�e�s� 
�d�u�r�i�n�g� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t�.� �B�i�o�c�h�e�m�.� �7�0�:� �1�5�8�7�-�1�5�9�6�.� 

�1�3�0� �N�a�k�a�m�u�r�a�,� �S�.�,� �M�.� �M�i�k�a�w�a�,� �N�.� �T�a�n�a�b�e�,� �Y�.� �Y�a�m�a�k�a�w�a�,� �a�n�d� �S�.� �N�i�s�h�i�d�a�.� 
�1�9�8�2�.� �E�f�f�e�c�t� �o�f� �c�l�i�n�d�a�m�y�c�i�n� �o�n� �c�y�t�o�t�o�x�i�n� �p�r�o�d�u�c�t�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�.� 
�M�i�c�r�o�b�i�o�l�.� �I�m�m�u�n�o�l�.� �2�6�:� �9�8�5�-�9�9�2�.� 

�1�3�1� �N�i�c�h�o�l�s�,� �G�.� �E�.�,� �J�.� �C�.� �L�o�v�e�j�o�y�,� �C�.� �A�.� �B�o�r�g�m�a�n�,� �J�.� �M�.� �S�a�n�d�e�r�s�,� �a�n�d� �W�.� �W�.� 
�Y�o�u�n�g�,� �J�r�.� �1�9�8�6�.� �I�s�o�l�a�t�i�o�n� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �t�w�o� �t�y�p�e�s� �o�f� �M�D�C�K� �e�p�i�t�h�e�l�i�a�l� 
�c�e�l�l� �c�l�o�n�e�s� �b�a�s�e�d� �o�n� �g�l�y�c�o�s�p�h�i�n�g�o�l�i�p�i�d� �p�a�t�t�e�r�n�.� �B�i�o�c�h�i�m�.� �B�i�o�p�h�y�s�.� �A�c�t�a�.� �8�8�7�:� �1�-� 
�1�2�.� 

�1�3�2� �O�n�d�e�r�d�o�n�k�,� �A�.� �B�.�,� �R�.� �L�.� �C�i�s�n�e�r�o�s�,� �a�n�d� �J�.� �G�.� �B�a�r�t�l�e�t�t�.� �1�9�8�0�.� �C�l�o�s�t�r�i�d�i�u�m� 
�d�i�f�f�i�c�i�l�e� �i�n� �g�n�o�t�o�b�i�o�t�i�c� �m�i�c�e�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �2�8�:�2�7�7�-�2�8�2�.� 

�1�3�3� �O�t�t�l�i�n�g�e�r�,� �M�.� �E�.�,� �a�n�d� �S�.� �L�i�n�.� �1�9�8�8�.� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �B� �i�n�d�u�c�e�s� 
�r�e�o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �a�c�t�i�n�,� �v�i�n�c�u�l�i�n�,� �a�n�d� �t�a�l�i�n� �i�n� �c�u�l�t�u�r�e�d� �c�e�l�l�s�.� �E�x�p�e�r�i�m�e�n�t�a�l� �C�e�l�l� 
�R�e�s�.� �1�7�4�:� �2�1�5�-�2�2�9�.� 

�1�3�4� �_�_ ��i�R�.� �P�a�r�e�k�h�,� �I�.� �R�o�i�t�t�,� �D�.� �I�s�e�n�b�e�r�g�,� �R�.� �D�w�e�k�,� �a�n�d� �T�.� �R�a�d�e�m�a�c�h�e�r�.� �1�9�8�8�.� 
�A�g�e�-�r�e�l�a�t�e�d� �g�a�l�a�c�t�o�s�y�l�a�t�i�o�n� �o�f� �t�h�e� �N�-�l�i�n�k�e�d� �o�l�i�g�o�s�a�c�c�h�a�r�i�d�e�s� �o�f� �h�u�m�a�n� �I�g�G�.� �J�.� 
�E�x�p�.� �M�e�d�.� �1�6�7�:� �1�7�3�1�-�1�7�3�6�.� 

�1�3�5� �P�e�i�k�i�n�,� �S�.� �R�.�,� �J�.� �G�a�l�d�i�b�i�n�i�,� �a�n�d� �J�.� �G�.� �B�a�r�t�l�e�t�t�.� �1�9�8�0�.� �R�o�l�e� �o�f� �C�l�o�s�t�r�i�d�i�u�m� 
�d�i�f�f�i�c�i�l�e� �i�n� �a� �c�a�s�e� �o�f� �n�o�n�-�a�n�t�i�b�i�o�t�i�c�-�a�s�s�o�c�i�a�t�e�d� �p�s�e�u�d�o�m�e�m�b�r�a�n�o�u�s� �c�o�l�i�t�i�s�.� 
�G�a�s�t�r�o�e�n�t�e�r�o�l�o�g�y� �7�9�:� �9�4�8�-�9�5�1�.� 

�1�3�6� �~�=�P�o�p�o�f�f�,� �M�.� �R�.� �1�9�8�7�.� �P�u�r�i�f�i�c�a�t�i�o�n� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� 
�s�o�r�d�e�l�l�i�i� �l�e�t�h�a�l� �t�o�x�i�n� �a�n�d� �c�r�o�s�s�-�r�e�a�c�t�i�v�i�t�y� �w�i�t�h� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �c�y�t�o�t�o�x�i�n�.� �I�n�f�e�c�t�.� 
�I�m�m�u�n�.� �5�5�:� �3�5�-�4�3�.� 

�1�3�7� �P�o�t�h�o�u�l�a�k�i�s�,� �C�.�,� �D�.� �A�.� �S�u�l�l�i�v�a�n�,� �A�.� �J�.� �M�e�l�n�i�c�k�,� �T�.� �G�a�d�e�n�n�e�,� �T�.� �M�e�s�h�u�l�a�m�,� 
�a�n�d� �J�.� �T�.� �L�a�M�o�n�t�.� �1�9�8�6�.� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n�s� �A� �a�n�d� �B� �s�t�i�m�u�l�a�t�e� 
�i�n�t�r�a�c�e�l�l�u�l�a�r� �c�a�l�c�i�u�m� �r�e�l�e�a�s�e� �i�n� �h�u�m�a�n� �n�e�u�t�r�o�p�h�i�l�s� �(�a�b�s�t�r�.�)�.� �C�l�i�n�.� �R�e�s�.� �3�4�:� �5�3�0�A�.� 

�1�3�8� �P�o�t�h�o�u�l�a�k�i�s�,� �C�.�,� �T�.� �T�h�e�o�h�a�r�i�d�e�s�,� �P�.� �E�.� �M�c�A�n�d�r�e�w�,� �a�n�d� �J�.� �T�.� �L�a�M�o�n�t�.� 
�1�9�8�6�.� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �A� �r�e�l�e�a�s�e�s� �m�e�d�i�a�t�o�r�s� �f�r�o�m� �m�u�c�o�s�a�l�-�l�i�k�e� �r�a�t� 
�b�a�s�o�p�h�i�l�i�c� �l�e�u�k�e�m�i�a� �(�R�B�L�)� �c�e�l�l�s� �(�a�b�s�t�r�.�)�.� �C�l�i�n�.� �R�e�s�.� �3�4�:� �8�7�1�A�.



�4�0� 

�1�3�9� �~�=�P�o�t�h�o�u�l�a�k�i�s�,� �C�.�,� �G�.� �T�r�i�a�d�a�f�i�l�o�p�o�u�l�o�s�,� �M�.� �C�l�a�r�k�,� �C�.� �F�r�a�n�z�b�l�a�u�,� �a�n�d� �J�.� �T�.� 
�L�a�M�o�n�t�.� �1�9�8�6�.� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �c�y�t�o�t�o�x�i�n� �i�n�h�i�b�i�t�s� �p�r�o�t�e�i�n� �s�y�n�t�h�e�s�i�s� �i�n� 
�f�i�b�r�o�b�l�a�s�t�s� �a�n�d� �i�n�t�e�s�t�i�n�a�l� �m�u�c�o�s�a�.� �G�a�s�t�r�o�e�n�t�e�r�o�l�o�g�y� �9�1�:� �1�1�4�7�-�1�1�5�3�.� 

�1�4�0� �P�r�i�c�e�,� �A�.� �B�.�,� �H�.� �E�.� �L�a�r�s�o�n�,� �a�n�d� �J�.� �C�r�o�w�.� �1�9�7�9�.� �M�o�r�p�h�o�l�o�g�y� �o�f� 
�e�x�p�e�r�i�m�e�n�t�a�l� �a�n�t�i�b�i�o�t�i�c�-�a�s�s�o�c�i�a�t�e�d� �e�n�t�e�r�o�c�o�l�i�t�i�s� �i�n� �t�h�e� �h�a�m�s�t�e�r�:� �a� �m�o�d�e�l� �f�o�r� 
�h�u�m�a�n� �p�s�e�u�d�o�m�e�m�b�r�a�n�o�u�s� �c�o�l�i�t�i�s� �a�n�d� �a�n�t�i�b�i�o�t�i�c� �a�s�s�o�c�i�a�t�e�d� �d�i�a�r�r�h�o�e�a�.� �G�u�t� �2�0�:� 
�4�6�7�-�4�7�5�.� 

�1�4�1� �P�r�i�c�e�,� �S�.� �B�.�,� �C�.� �J�.� �P�h�e�l�p�s�,� �T�.� �D�.� �W�i�l�k�i�n�s�,� �a�n�d� �J�.� �L�.� �J�o�h�n�s�o�n�.� �1�9�8�7�.� �C�l�o�n�i�n�g� 
�o�f� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e�-�b�i�n�d�i�n�g� �p�o�r�t�i�o�n� �o�f� �t�h�e� �t�o�x�i�n� �A� �g�e�n�e� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�.� 
�C�u�r�r�.� �M�i�c�r�o�b�i�o�l�.� �1�6�:� �5�5�-�6�0�.� 

�1�4�2� �R�a�u�v�a�l�a�,� �H�.�,� �J�.� �F�i�n�n�e�.� �1�9�7�9�.� �S�t�r�u�c�t�u�r�a�l� �s�i�m�i�l�a�r�i�t�y� �o�f� �t�h�e� �t�e�r�m�i�n�a�l� 
�c�a�r�b�o�h�y�d�r�a�t�e� �s�e�q�u�e�n�c�e�s� �o�f� �g�l�y�c�o�p�r�o�t�e�i�n�s� �a�n�d� �g�l�y�c�o�l�i�p�i�d�s�.� �F�E�B�S� �L�e�t�t�.� �9�7�:� �1�-�8�.� 

�1�4�3�.� �R�e�g�a�n�,� �L�.� �J�.�,� �J�.� �D�o�d�d�,� �S�.� �H�.� �B�a�r�o�n�d�e�s�,� �a�n�d� �T�.� �M�.� �J�e�s�s�e�l�l�.� �1�9�8�6�.� �S�e�l�e�c�t�i�v�e� 
�e�x�p�r�e�s�s�i�o�n� �o�f� �e�n�d�o�g�e�n�o�u�s� �l�a�c�t�o�s�e�-�b�i�n�d�i�n�g� �l�e�c�t�i�n�s� �a�n�d� �l�a�c�t�o�s�e�r�i�e�s� �g�l�y�c�o�c�o�n�j�u�g�a�t�e�s� 
�i�n� �s�u�b�s�e�t�s� �o�f� �r�a�t� �s�e�n�s�o�r�y� �n�e�u�r�o�n�s�.� �P�r�o�c�.� �N�a�t�l�.� �A�c�a�d�.� �S�c�i�.� �U�S�A� �8�3�:� �2�2�4�8�-�2�2�5�2�.� 

�1�4�4� �R�e�h�g�,� �J�.� �E�.� �1�9�8�0�.� �C�e�c�a�l� �t�o�x�i�n�(�s�)� �f�r�o�m� �g�u�i�n�e�a� �p�i�g�s� �w�i�t�h� �c�l�i�n�d�a�m�y�c�i�n�-� 
�a�s�s�o�c�i�a�t�e�d� �c�o�l�i�t�i�s�,� �n�e�u�t�r�a�l�i�z�e�d� �b�y� �C�l�o�s�t�r�i�d�i�u�m� �s�o�r�d�e�l�l�i�i� �a�n�t�i�t�o�x�i�n�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �2�7�:� 
�3�8�7�-�3�9�0�.� 

�1�4�5� �R�e�h�g�,� �J�.� �E�.�,� �a�n�d� �S�.� �P�.� �P�a�k�e�s�.� �1�9�8�2�.� �I�m�p�l�i�c�a�t�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �a�n�d� 
�C�l�o�s�t�r�i�d�i�u�m� �p�e�r�f�r�i�n�g�e�n�s� �i�o�t�a� �t�o�x�i�n�s� �i�n� �e�x�p�e�r�i�m�e�n�t�a�l� �l�i�n�c�o�m�y�c�i�n�-�a�s�s�o�c�i�a�t�e�d� �c�o�l�i�t�i�s� �o�f� 
�r�a�b�b�i�t�s�.� �L�a�b�.� �A�n�i�m�.� �S�c�i�.� �3�2�:� �2�5�3�-�2�5�7�.� 

�1�4�6� �_�R�i�h�n�,� �B�,� �G�.� �B�e�c�k�,� �H�.� �M�o�n�t�e�i�l�,� �F�.� �L�e�c�u�f�,� �a�n�d� �R�.� �G�i�r�a�r�d�o�t�.� �1�9�8�5�.� �E�f�f�e�c�t� �o�f� 
�t�h�e� �c�y�t�o�t�o�x�i�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �o�n� �c�u�l�t�u�r�e�d� �h�e�p�a�t�o�m�a� �c�e�l�l�s�.� �B�i�o�l�.� �C�e�l�l� �5�3�:� �2�3�-� 
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�1�7�0� �T�h�e�l�e�s�t�a�m�,� �M�,� �a�n�d� �I�.� �F�l�o�r�i�n�.� �1�9�8�4�.� �C�y�t�o�p�a�t�o�g�e�n�i�c� �a�c�t�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� 
�d�i�f�f�i�c�i�l�e� �t�o�x�i�n�s�.� �J�.� �T�o�x�i�c�o�l�.� �T�o�x�i�n�.� �R�e�v�.� �3�:� �1�3�9�-�1�8�0�.� 

�1�7�1� �T�h�e�l�e�s�t�a�m�,� �M�.�,� �a�n�d� �I�.� �F�l�o�r�i�n�.� �1�9�8�4�.� �I�n�t�e�r�a�c�t�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� 
�t�o�x�i�n� �B� �(�c�y�t�o�t�o�x�i�n�)� �w�i�t�h� �c�u�l�t�u�r�e�d� �c�e�l�l�s�.� �I�n� �A�n�t�i�b�i�o�t�i�c� �a�s�s�o�c�i�a�t�e�d� �d�i�a�r�r�h�o�e�a� �a�n�d� 
�c�o�l�i�t�i�s�:� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�n� �g�a�s�t�r�o�i�n�t�e�s�t�i�n�a�l� �d�i�s�o�r�d�e�r�s�.� �S�.� �P�.� �B�o�r�r�e�i�l�l�o� �(�E�d�.�)�.� 
�M�a�r�t�i�n�u�s� �N�i�j�h�o�f�f� �P�u�b�l�i�s�h�e�r�s�,� �B�o�s�t�o�n�.� �p�p�.� �1�0�3�-�1�1�8�.� 

�1�7�2� �T�o�f�f�l�e�r�,� �R�.� �B�.�,� �E�.� �G�.� �P�i�n�g�o�u�l�d�,� �a�n�d� �M�.� �I�.� �B�u�r�r�e�l�l�.� �1�9�7�8�.� �A�c�u�t�e� �c�o�l�i�t�i�s� 
�r�e�l�a�t�e�d� �t�o� �p�e�n�i�c�i�l�l�i�n� �d�e�r�i�v�a�t�i�v�e�s�.� �L�a�n�c�e�t� �i�i�:� �7�0�7�-�7�0�9�.� 

�1�7�3�.� �_ ��s� �T�o�r�r�e�s�,� �J�.� �F�.�,� �R�.� �C�e�d�i�l�l�o�,� �J�.� �S�a�n�c�h�e�z�,� �C�.� �D�i�l�l�m�a�n�,� �S�.� �G�i�o�n�o�,� �a�n�d� �O�.� �M�u�n�o�z�.� 
�1�9�8�4�.� �P�r�e�v�a�l�a�n�c�e� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �a�n�d� �i�t�s� �c�y�t�o�t�o�x�i�n� �i�n� �i�n�f�a�n�t�s� �i�n� �M�e�x�i�c�o�.� �J�.� 
�C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �2�0�:� �2�7�4�-�2�7�5�.� 

�1�7�4� �= �� �T�r�i�a�d�a�f�i�l�o�p�o�u�l�o�s�,� �C�.� �P�o�t�h�o�u�l�a�k�i�s�,� �R�.� �W�e�i�s�s�,� �C�.� �G�i�a�m�p�a�o�l�o�,� �a�n�d� �J�.� �T�.� 
�L�a�M�o�n�t�.� �1�9�8�9�.� �C�o�m�p�a�r�a�t�i�v�e� �s�t�u�d�y� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �A� �a�n�d� �c�h�o�l�e�r�a� 
�t�o�x�i�n� �i�n� �r�a�b�b�i�t� �i�l�e�u�m�.� �G�a�s�t�r�o�e�n�t�e�r�o�l�o�g�y� �9�7�:� �1�1�8�6�-�1�1�9�2�.



�4�3� 

�1�7�5� �_� �T�r�i�a�d�a�f�i�l�o�p�o�u�l�o�s�,� �G�.�,� �C�.� �P�o�t�h�o�u�l�a�k�i�s�,� �M�.� �J�.� �O ��B�r�i�e�n�,� �a�n�d� �J�.� �T�.� �L�a�M�o�n�t�.� 
�1�9�8�7�.� �D�i�f�f�e�r�e�n�t�i�a�l� �e�f�f�e�c�t�s� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n�s� �A� �a�n�d� �B� �o�n� �r�a�b�b�i�t� �i�l�e�u�m�.� 
�G�a�s�t�r�o�e�n�t�e�r�o�l�o�g�y� �9�3�:� �2�7�3�-�2�7�9�.� 

�1�7�6� �T�u�l�l�u�s�,� �K�.�,� �B�.� �A�r�o�n�s�s�o�n�,� �S�.� �M�a�r�c�u�s�,� �a�n�d� �R�.� �M�o�l�l�b�y�.� �1�9�8�9�.� �I�n�t�e�s�t�i�n�a�l� 
�c�o�l�o�n�i�z�a�t�i�o�n� �w�i�t�h� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�n� �i�n�f�a�n�t�s� �u�p� �t�o� �1�8� �m�o�n�t�h�s� �o�f� �a�g�e�.� �E�u�r�.� �J�.� 
�C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �I�n�f�e�c�t�.� �D�i�s�.� �8�:� �3�0�3�-�3�9�3�.� 

�1�7�7� �+�~�=�V�e�r�n�e�t�,� �A�.�,� �G�.� �C�o�r�t�h�i�e�r�,� �F�.� �D�u�b�o�s�-�R�a�m�a�r�e�,� �a�n�d� �L�.� �P�a�r�o�d�i�.� �1�9�8�9�.� 
�R�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �l�e�v�e�l�s� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �A� �a�n�d� �t�o�x�i�n� �B� �c�e�c�a�l� 
�l�e�s�i�o�n�s� �i�n� �g�n�o�t�o�b�i�o�t�i�c� �m�i�c�e�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �5�7�:� �2�1�2�3�-�2�1�2�7�.� 

�1�7�8� �W�a�d�a�,� �N�.�,� �N�.� �N�i�s�h�i�d�a�,� �S�.� �I�w�a�k�i�,� �H�.� �O�h�i�,� �T�.� �M�i�y�a�w�a�k�i�,� �N�.� �T�a�n�i�g�u�c�h�i�,� �a�n�d� �S�.� 
�M�i�g�i�t�a�.� �1�9�8�0�.� �N�e�u�t�r�a�l�i�z�i�n�g� �a�c�t�i�v�i�t�y� �a�g�a�i�n�s�t� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �i�n� �t�h�e� 
�s�u�p�e�r�n�a�t�e�n�t�s� �o�f� �c�u�l�t�u�r�e�s� �c�o�l�o�s�t�r�a�l� �c�e�l�l�s�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �2�9�:� �5�4�5�-�5�5�0�.� 

�1�7�9� �W�a�t�k�i�n�s�,� �W�.� �M�.�,� �P�.� �G�r�e�e�n�w�e�l�l�,� �A�.� �D�.� �Y�a�t�e�s�,� �a�n�d� �P�.� �H�.� �J�o�h�n�s�o�n�.� �1�9�8�8�.� 
�R�e�g�u�l�a�t�i�o�n� �o�f� �e�x�p�r�e�s�s�i�o�n� �o�f� �c�a�r�b�o�h�y�d�r�a�t�e� �b�l�o�o�d� �g�r�o�u�p� �a�n�t�i�g�e�n�s�.� �B�i�o�c�h�e�m�i�e� �7�0�:� 
�1�5�9�7�-�1�6�1�1�.� 

�1�8�0� �W�i�l�s�o�n�,� �K�.� �H�.�,� �a�n�d� �R�.� �F�r�e�t�e�r�.� �1�9�8�5�.� �S�u�p�p�r�e�s�s�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �b�y� 
�i�s�o�l�a�t�e�s� �f�r�o�m� �i�n�d�i�g�e�n�o�u�s� �h�a�m�s�t�e�r� �f�l�o�r�a�.� �M�i�c�r�o�e�c�o�l�.� �T�h�e�r�.� �1�5�:� �3�2�3�-�3�2�7�.� 

�1�8�1� �W�i�l�s�o�n�,� �K�.� �H�.�,� �J�.� �S�i�l�v�a�,� �a�n�d� �F�.� �R�.� �F�e�k�e�t�y�.� �1�9�8�1�.� �S�u�p�p�r�e�s�s�i�o�n� �o�f� 
�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �b�y� �n�o�r�m�a�l� �h�a�m�s�t�e�r� �c�e�c�a�l� �f�l�o�r�a� �a�n�d� �p�r�e�v�e�n�t�i�o�n� �o�f� �a�n�t�i�b�i�o�t�i�c�-� 
�a�s�s�o�c�i�a�t�e�d� �c�e�c�i�t�i�s�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �3�4�:� �6�2�6�-�6�2�8�.� 

�1�8�2� �Y�o�u�a�k�i�m�,� �A�.�,� �A�.� �H�e�r�s�c�o�v�i�c�s�.� �1�9�8�7�.� �D�i�f�f�e�r�e�n�t�i�a�t�i�o�n�-�a�s�s�o�c�i�a�t�e�d� �d�e�c�r�e�a�s�e� �i�n� 
�t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �f�u�c�o�s�y�l�a�t�e�d� �p�o�l�y�l�a�c�t�o�s�a�m�i�n�o�g�l�y�c�a�n�s� �o�f� �C�a�C�o�-�2� �h�u�m�a�n� �c�o�l�o�n�i�c� 
�a�d�e�n�o�c�a�r�c�i�n�o�m�a� �c�e�l�l�s�.� �B�i�o�c�h�e�m�.� �J�.� �2�4�7�:� �2�9�9�-�3�0�6�.



�B�I�N�D�I�N�G� �O�F� �C�L�O�S�T�R�I�D�I�U�M� �D�I�F�F�I�C�I�L�E� �E�N�T�E�R�O�T�O�X�I�N� 

�T�O� �A�D�U�L�T� �A�N�D� �I�N�F�A�N�T� �H�A�M�S�T�E�R� �I�N�T�E�S�T�I�N�A�L� �E�P�I�T�H�E�L�I�U�M� 

�K�e�n�n�e�t�h� �D�.� �T�u�c�k�e�r� 

�D�e�p�a�r�t�m�e�n�t� �o�f� �A�n�a�e�r�o�b�i�c� �M�i�c�r�o�b�i�o�l�o�g�y� 

�V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� 

�B�l�a�c�k�s�b�u�r�g�,� �V�i�r�g�i�n�i�a� �2�4�0�6�1� 
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�4�5� 

�A�B�S�T�R�A�C�T� 

�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �c�a�n� �c�a�u�s�e� �a� �s�e�v�e�r�e� �d�i�a�r�r�h�e�a�l� �d�i�s�e�a�s�e� �i�n� �b�o�t�h� �h�a�m�s�t�e�r�s� �a�n�d� 

�h�u�m�a�n�s� �f�o�l�l�o�w�i�n�g� �a�n�t�i�b�i�o�t�i�c� �t�h�e�r�a�p�y�.� �H�o�w�e�v�e�r�,� �t�h�e� �i�n�f�a�n�t�s� �o�f� �b�o�t�h� �s�p�e�c�i�e�s� �m�a�y� �b�e� 

�c�o�l�o�n�i�z�e�d� �b�y� �C�.� �d�i�f�f�i�c�i�l�e� �w�i�t�h�o�u�t� �p�r�i�o�r� �a�n�t�i�b�i�o�t�i�c� �t�h�e�r�a�p�y�,� �a�n�d� �a�p�p�a�r�e�n�t�l�y� �w�i�t�h� �n�o� �i�l�l� 

�e�f�f�e�c�t�s�.� �P�r�e�v�i�o�u�s�l�y�,� �t�o�x�i�n� �A� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �b�i�n�d� �t�o� �c�a�r�b�o�h�y�d�r�a�t�e�s� �t�h�a�t� �c�o�n�t�a�i�n� 

�G�a�l� �1�-�3�G�a�l�s� �1�-�4�G�I�c�N�A�c� �o�n� �h�a�m�s�t�e�r� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m�.� �I� �h�a�v�e� �f�o�u�n�d� �t�h�a�t� �t�o�x�i�n� 

�A� �b�o�u�n�d� �t�o� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m� �o�f� �b�o�t�h� �i�n�f�a�n�t� �a�n�d� �a�d�u�l�t� �h�a�m�s�t�e�r�s� �b�y� �t�h�i�s� 

�r�e�c�e�p�t�o�r�.� �Y�e�t�,� �t�h�e� �a�m�o�u�n�t� �o�f� �t�o�x�i�n� �A� �t�h�a�t� �b�o�u�n�d� �t�o� �t�h�e� �i�n�f�a�n�t� �t�i�s�s�u�e� �a�t� �3�7�C� �w�a�s� 

�1�0�-�f�o�l�d� �l�e�s�s� �t�h�a�n� �t�h�e� �a�m�o�u�n�t� �o�f� �t�o�x�i�n� �A� �t�h�a�t� �b�o�u�n�d� �t�o� �t�h�e� �a�d�u�l�t� �t�i�s�s�u�e�.� �T�h�i�s� 

�s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �i�n�s�e�n�s�i�t�i�v�i�t�y� �o�f� �i�n�f�a�n�t� �h�a�m�s�t�e�r�s� �t�o� �t�o�x�i�n� �A� �c�o�u�l�d� �b�e� �d�u�e� �t�o� �t�h�e� 

�r�e�l�a�t�i�v�e�l�y� �l�o�w� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �t�h�e�i�r� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m�.



�4�6� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �c�a�u�s�e�s� �p�s�e�u�d�o�m�e�m�b�r�a�n�o�u�s� �c�o�l�i�t�i�s� �i�n� �h�u�m�a�n�s�.� �T�h�i�s� 

�o�r�g�a�n�i�s�m� �c�a�n� �c�o�l�o�n�i�z�e� �t�h�e� �i�n�t�e�s�t�i�n�e�s� �a�n�d� �g�r�o�w� �t�o� �h�i�g�h� �n�u�m�b�e�r�s� �i�f� �a�n�t�i�b�i�o�t�i�c� 

�t�h�e�r�a�p�y� �h�a�s� �d�i�s�r�u�p�t�e�d� �t�h�e� �n�o�r�m�a�l� �m�i�c�r�o�f�l�o�r�a�.� �O�n�c�e� �e�s�t�a�b�l�i�s�h�e�d� �i�n� �t�h�e� �i�n�t�e�s�t�i�n�e�s�,� 

�t�h�e� �o�r�g�a�n�i�s�m� �c�a�n� �c�a�u�s�e� �d�i�a�r�r�h�e�a� �b�y� �p�r�o�d�u�c�i�n�g� �a� �p�r�o�t�e�i�n� �t�o�x�i�n�,� �t�o�x�i�n� �A�,� �t�h�a�t� 

�e�r�o�d�e�s� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m� �(�2�3�,� �2�4�,� �2�5�)�.� �F�u�r�t�h�e�r� �t�i�s�s�u�e� �d�a�m�a�g�e� �m�a�y� �b�e� 

�c�a�u�s�e�d� �b�y� �a� �s�e�c�o�n�d� �t�o�x�i�n�,� �t�o�x�i�n� �B�,� �w�h�i�c�h� �i�s� �n�o�t� �a�c�t�i�v�e� �o�n� �i�n�t�e�s�t�i�n�a�l� �m�u�c�o�s�a� �(�2�3�,� 

�2�4�)�,� �b�u�t� �i�s� �t�o�x�i�c� �t�o� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �t�i�s�s�u�e� �t�h�a�t� �i�s� �e�x�p�o�s�e�d� �b�y� �t�h�e� �a�c�t�i�o�n� �o�f� �t�o�x�i�n� �A�.� 

�I�n�f�a�n�t� �h�u�m�a�n�s� �a�l�s�o� �m�a�y� �b�e� �c�o�l�o�n�i�z�e�d� �b�y� �C�.� �d�i�f�f�i�c�i�l�e�,� �b�u�t� �d�o� �n�o�t� �r�e�q�u�i�r�e� �p�r�i�o�r� 

�a�n�t�i�b�i�o�t�i�c� �t�h�e�r�a�p�y� �f�o�r� �t�h�i�s� �t�o� �o�c�c�u�r� �(�1�,� �3�,� �6�,� �7�,� �1�6�,� �2�1�,� �2�2�,� �2�6�,� �2�7�,� �2�9�,� �3�0�)�.� �Y�e�t� �C�.� 

�d�i�f�f�i�c�i�l�e� �c�a�u�s�e�s� �n�o� �o�b�v�i�o�u�s� �i�l�l� �e�f�f�e�c�t�s� �i�n� �i�n�f�a�n�t�s�,� �e�v�e�n� �t�h�o�u�g�h� �i�n�f�a�n�t�s� �m�a�y� �b�e� 

�c�o�l�o�n�i�z�e�d� �b�y� �t�o�x�i�g�e�n�i�c� �C�.� �d�i�f�f�i�c�i�l�e�.� �C�h�a�n�g� �e�t� �a�l�.� �(�5�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �h�u�m�a�n� �i�n�f�a�n�t� 

�i�n�t�e�s�t�i�n�a�l� �c�e�l�l�s� �a�r�e� �l�e�s�s� �s�e�n�s�i�t�i�v�e� �t�o� �b�o�t�h� �t�o�x�i�n� �A� �a�n�d� �t�o�x�i�n� �B� �t�h�a�n� �a�r�e� �a�d�u�l�t� 

�i�n�t�e�s�t�i�n�a�l� �c�e�l�l�s�.� �T�h�i�s� �i�n�d�i�c�a�t�e�s� �t�h�e� �l�o�w� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �a�n�d� �t�o�x�i�n� �B� �o�n� �t�h�e� 

�i�n�t�e�s�t�i�n�a�l� �c�e�l�l�s� �r�e�s�u�l�t�s� �i�n� �t�h�e� �i�n�s�e�n�s�i�t�i�v�i�t�y� �o�f� �i�n�f�a�n�t�s� �t�o� �t�h�e� �t�o�x�i�n�s�.� �H�o�w�e�v�e�r�,� �t�h�e� 

�r�e�a�s�o�n� �f�o�r� �t�h�e� �a�p�p�a�r�e�n�t� �i�n�s�e�n�s�i�t�i�v�i�t�y� �o�f� �t�h�e� �c�e�l�l�s� �t�o� �t�o�x�i�n� �A� �a�n�d� �t�o�x�i�n� �B� �i�s� �n�o�t� 

�k�n�o�w�n� 

�L�i�k�e� �h�u�m�a�n�s�,� �a�d�u�l�t� �h�a�m�s�t�e�r�s� �a�l�s�o� �m�a�y� �b�e� �c�o�l�o�n�i�z�e�d� �b�y� �C�.� �d�i�f�f�i�c�i�l�e� �a�f�t�e�r� 

�a�n�t�i�b�i�o�t�i�c� �t�r�e�a�t�m�e�n�t�s�,� �a�n�d� �t�h�i�s� �r�e�s�u�l�t�s� �i�n� �a� �s�e�v�e�r�e� �a�n�d� �f�a�t�a�l� �d�i�a�r�r�h�e�a� �i�n� �t�h�i�s� �a�n�i�m�a�l� 

�(�1�3�,� �2�8�)�.� �A�l�s�o� �l�i�k�e� �h�u�m�a�n�s�,� �i�n�f�a�n�t� �h�a�m�s�t�e�r�s� �m�a�y� �b�e� �c�o�l�o�n�i�z�e�d� �b�y� �C�.� �d�i�f�f�i�c�i�l�e� 

�w�i�t�h�o�u�t� �p�r�i�o�r� �a�n�t�i�b�i�o�t�i�c� �t�r�e�a�t�m�e�n�t�s�,� �a�n�d� �w�i�t�h� �n�o� �o�b�v�i�o�u�s� �i�l�l� �e�f�f�e�c�t�s� �(�1�3�,� �1�5�,� �2�8�)�.� 

�Y�e�t�,� �t�h�e� �r�e�a�s�o�n� �f�o�r� �t�h�e� �l�a�c�k� �o�f� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �t�h�e� �i�n�f�a�n�t�s� �t�o� �t�o�x�i�n� �A� �i�s� �n�o�t� �k�n�o�w�n�.



�4�7� 

�I�n� �t�h�i�s� �s�t�u�d�y�,� �I� �e�x�a�m�i�n�e�d� �t�h�e� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �i�n�t�e�s�t�i�n�a�l� �t�i�s�s�u�e� �f�r�o�m� 

�b�o�t�h� �i�n�f�a�n�t� �a�n�d� �a�d�u�l�t� �h�a�m�s�t�e�r�s� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �l�a�c�k� �o�f� �t�o�x�i�n� �b�i�n�d�i�n�g� �i�s� �a� �p�o�s�s�i�b�l�e� 

�e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�e� �i�n�f�a�n�t�s �� �i�n�s�e�n�s�i�t�i�v�i�t�y� �t�o� �t�o�x�i�n� �A�.� �S�i�n�c�e� �t�o�x�i�n� �A� �i�s� �k�n�o�w�n� �t�o� 

�b�i�n�d� �t�o� �c�a�r�b�o�h�y�d�r�a�t�e�s� �t�h�a�t� �c�o�n�t�a�i�n� �G�a�l�e� �1�-�3�G�a�l�s� �1�-�4�G�I�c�N�A�c� �o�n� �a�d�u�l�t� �h�a�m�s�t�e�r� 

�i�n�t�e�s�t�i�n�a�l� �t�i�s�s�u�e� �(�1�9�)�,� �I� �a�l�s�o� �d�e�t�e�r�m�i�n�e�d� �i�f� �t�o�x�i�n� �A� �b�o�u�n�d� �t�o� �t�h�i�s� �r�e�c�e�p�t�o�r�.� �I� �f�o�u�n�d� 

�t�h�a�t� �t�o�x�i�n� �A� �b�o�u�n�d� �t�o� �G�a�l� �1�-�3�G�a�l�s� �1�-�4�G�l�c�N�A�c� �o�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �m�u�c�o�s�a� �o�f� �b�o�t�h� 

�a�d�u�l�t� �a�n�d� �i�n�f�a�n�t� �h�a�m�s�t�e�r�s�,� �b�u�t� �o�n�l�y� �t�h�e� �a�d�u�l�t� �t�i�s�s�u�e� �b�o�u�n�d� �t�o�x�i�n� �A� �a�t� �b�o�d�y� 

�t�e�m�p�e�r�a�t�u�r�e�.



�4�8� 

�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�T�o�x�i�n� �A� �p�u�r�i�f�i�c�a�t�i�o�n�:� �C�u�l�t�u�r�e�s� �o�f� �C�.� �d�i�f�f�i�c�i�l�e� �V�P�I� �s�t�r�a�i�n� �n�o�.� �1�0�4�6�3� �w�e�r�e� �g�r�o�w�n� �i�n� 

�d�i�a�l�y�s�i�s� �f�l�a�s�k� �c�u�l�t�u�r�e�s� �o�f� �b�r�a�i�n� �h�e�a�r�t� �i�n�f�u�s�i�o�n� �a�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �(�2�5�)�.� �T�o�x�i�n� 

�A� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �a�f�f�i�n�i�t�y� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �u�s�i�n�g� �i�m�m�o�b�i�l�i�z�e�d� �b�o�v�i�n�e� �t�h�y�r�o�g�l�o�b�u�l�i�n� 

�(�2�0�)�.� �T�h�e� �t�o�x�i�n� �A� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�o� �b�e� �h�o�m�o�g�e�n�e�o�u�s� �u�s�i�n�g� �p�r�o�c�e�d�u�r�e�s� 

�p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �(�2�5�)�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�o�x�i�n� �A� �w�a�s� �e�s�t�i�m�a�t�e�d� �w�i�t�h� �t�h�e� 

�m�e�t�h�o�d� �o�f� �B�r�a�d�f�o�r�d� �(�4�)� �u�s�i�n�g� �b�o�v�i�n�e� �g�a�m�m�a� �g�l�o�b�u�l�i�n� �a�s� �a� �r�e�f�e�r�e�n�c�e�.� 

�T�i�s�s�u�e� �p�r�e�p�a�r�a�t�i�o�n�:� �A�d�u�l�t� �g�o�l�d�e�n� �S�y�r�i�a�n� �h�a�m�s�t�e�r�s� �b�e�t�w�e�e�n� �9�-�1�4� �w�e�e�k�s� �o�f� �a�g�e�,� 

�a�n�d� �i�n�f�a�n�t� �h�a�m�s�t�e�r�s� �a�t� �8� �d�a�y�s� �o�f� �a�g�e� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �a� �c�o�l�o�n�y� �a�t� �t�h�e� 

�l�a�b�o�r�a�t�o�r�y� �a�n�i�m�a�l� �f�a�c�i�l�i�t�i�e�s� �a�t� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�.� 

�I�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�a�l� �b�r�u�s�h� �b�o�r�d�e�r� �m�e�m�b�r�a�n�e�s� �w�e�r�e� �p�r�e�p�a�r�e�d� �a�s� �p�r�e�v�i�o�u�s�l�y� 

�d�e�s�c�r�i�b�e�d� �(�9�)�.� �I�n� �t�h�e� �i�n�f�a�n�t�s� �t�h�e� �t�h�i�n�n�e�s�s� �o�f� �t�h�e� �t�i�s�s�u�e� �p�r�e�v�e�n�t�e�d� �t�h�e� �s�e�p�a�r�a�t�i�o�n� 

�o�f� �t�h�e� �m�u�c�o�s�a� �f�r�o�m� �t�h�e� �s�e�r�o�s�a�,� �s�o� �t�h�e� �e�n�t�i�r�e� �i�n�t�e�s�t�i�n�e� �w�a�s� �u�s�e�d� �t�o� �p�r�e�p�a�r�e� �t�h�e� 

�b�r�u�s�h� �b�o�r�d�e�r� �m�e�m�b�r�a�n�e�s�.� �T�h�i�s� �s�h�o�u�l�d� �n�o�t� �h�a�v�e� �a�f�f�e�c�t�e�d� �t�h�e� �r�e�s�u�l�t�s� �b�e�c�a�u�s�e� �t�h�e� 

�p�u�r�i�f�i�c�a�t�i�o�n� �p�r�o�c�e�d�u�r�e� �r�e�m�o�v�e�s� �c�o�n�n�e�c�t�i�v�e� �t�i�s�s�u�e�,� �s�o� �t�h�e� �s�e�r�o�s�a� �w�a�s� �r�e�m�o�v�e�d� �f�r�o�m� 

�t�h�e� �m�u�c�o�s�a� �l�a�t�e�r� �i�n� �t�h�e� �p�r�o�c�e�d�u�r�e�.� �B�o�t�h� �t�h�e� �a�d�u�l�t� �a�n�d� �i�n�f�a�n�t� �t�i�s�s�u�e� �p�r�e�p�a�r�a�t�i�o�n�s� 

�c�o�n�t�a�i�n�e�d� �p�r�e�d�o�m�i�n�a�n�t�l�y� �b�r�u�s�h� �b�o�r�d�e�r� �m�e�m�b�r�a�n�e�s�,� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �o�b�s�e�r�v�a�t�i�o�n� 

�w�i�t�h� �p�h�a�s�e� �c�o�n�t�r�a�s�t� �m�i�c�r�o�s�c�o�p�y�.� �T�h�e� �t�i�s�s�u�e�s� �w�e�r�e� �q�u�a�n�t�i�t�a�t�e�d� �b�a�s�e�d� �o�n� �t�h�e� 

�a�m�o�u�n�t� �o�f� �p�r�o�t�e�i�n� �p�r�e�s�e�n�t� �i�n� �e�a�c�h� �p�r�e�p�a�r�a�t�i�o�n�,� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �m�e�t�h�o�d� �o�f� 

�B�r�a�d�f�o�r�d� �(�4�)� �u�s�i�n�g� �b�o�v�i�n�e� �g�a�m�m�a� �g�l�o�b�u�l�i�n� �a�s� �a� �r�e�f�e�r�e�n�c�e�.� 

�B�i�n�d�i�n�g� �a�s�s�a�y�:� �T�h�e� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �t�h�e� �a�d�u�l�t� �a�n�d� �i�n�f�a�n�t� �t�i�s�s�u�e�s� �w�a�s� �a�s�s�a�y�e�d� 

�i�n� �p�a�r�a�l�l�e�l� �a�t� �4�C� �a�n�d� �a�t� �3�7�C� �u�s�i�n�g� �a�n� �E�L�I�S�A� �t�o� �q�u�a�n�t�i�t�a�t�e� �t�h�e� �r�e�s�i�d�u�a�l� �t�o�x�i�n� �a�s



�4�9� 

�p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �(�1�9�)�.� �T�h�e� �l�e�c�t�i�n� �G�r�i�f�f�o�n�i�a� �s�i�m�p�l�i�c�i�f�o�l�i�a� �1� �i�s�o�l�e�c�t�i�n� �B�,� �(�G�S�I�-� 

�B�,�)�,� �w�h�i�c�h� �s�p�e�c�i�f�i�c�a�l�l�y� �b�i�n�d�s� �t�o� �c�a�r�b�o�h�y�d�r�a�t�e�s� �t�h�a�t� �c�o�n�t�a�i�n� �G�a�l�e� �1�-�3�G�a�l� �o�n� �t�h�e�i�r� 

�n�o�n�-�r�e�d�u�c�i�n�g� �e�n�d� �(�1�2�)�,� �w�a�s� �u�s�e�d� �t�o� �a�s�c�e�r�t�a�i�n� �t�h�a�t� �t�h�e� �r�e�c�e�p�t�o�r� �t�o� �w�h�i�c�h� �t�o�x�i�n� �A� 

�b�o�u�n�d� �w�a�s� �t�h�e� �p�r�o�p�o�s�e�d� �G�a�l�s� �1�-�3�G�a�l�s� �1�-�4�G�I�c�N�A�c� �r�e�c�e�p�t�o�r� �f�o�r� �t�h�e� �t�o�x�i�n�.� �T�h�e� 

�r�e�s�u�l�t�s� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�i�s� �p�a�p�e�r� �a�r�e� �f�r�o�m� �o�n�e� �e�x�p�e�r�i�m�e�n�t� �t�h�a�t� �w�a�s� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� 

�o�f� �t�h�e� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�r�e�e� �r�e�p�e�a�t�s� �o�f� �t�h�e� �b�i�n�d�i�n�g� �a�s�s�a�y�.



�5�0� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�I�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m� �f�r�o�m� �e�i�t�h�e�r� �a�d�u�l�t� �o�r� �i�n�f�a�n�t� �h�a�m�s�t�e�r�s� �b�o�u�n�d� �s�i�m�i�l�a�r� 

�a�m�o�u�n�t�s� �o�f� �t�o�x�i�n� �A� �a�t� �4�C� �(�F�i�g�u�r�e� �1�)�.� �I�n� �b�o�t�h� �a�d�u�l�t�s� �a�n�d� �i�n�f�a�n�t�s� �t�h�e� �b�i�n�d�i�n�g� �o�f� 

�t�o�x�i�n� �A� �w�a�s� �b�l�o�c�k�e�d� �b�y� �t�h�e� �l�e�c�t�i�n� �G�S�I�-�B�,�,� �w�h�i�c�h� �i�n�d�i�c�a�t�e�s� �t�h�e� �t�o�x�i�n� �w�a�s� �b�i�n�d�i�n�g� 

�v�i�a� �t�h�e� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �r�e�c�e�p�t�o�r� �f�o�r� �t�h�e� �t�o�x�i�n� �(�G�a�l� �1�-�3�G�a�l�e� �1�-�4�G�]�c�N�A�c�)�.� 

�B�o�t�h� �t�h�e� �i�n�f�a�n�t� �a�n�d� �a�d�u�l�t� �t�i�s�s�u�e� �b�o�u�n�d� �m�u�c�h� �l�e�s�s� �t�o�x�i�n� �a�t� �3�7�C� �t�h�a�n� �a�t� �4�C�;� 

�h�o�w�e�v�e�r�,� �t�h�e� �a�d�u�l�t� �t�i�s�s�u�e� �b�o�u�n�d� �m�u�c�h� �m�o�r�e� �t�o�x�i�n� �a�t� �3�7�C� �t�h�a�n� �d�i�d� �t�h�e� �i�n�f�a�n�t� 

�t�i�s�s�u�e� �(�F�i�g�u�r�e� �1�)�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �a�p�p�a�r�e�n�t� �i�n�s�e�n�s�i�t�i�v�i�t�y� �o�f� �i�n�f�a�n�t� �h�a�m�s�t�e�r�s� 

�t�o� �t�o�x�i�n� �A�,� �r�e�l�a�t�i�v�e� �t�o� �a�d�u�l�t� �h�a�m�s�t�e�r�s�,� �m�a�y� �b�e� �d�u�e� �t�o� �t�h�e� �a�m�o�u�n�t� �o�f� �t�o�x�i�n� �A� 

�b�o�u�n�d� �t�o� �t�h�e� �e�p�i�t�h�e�l�i�u�m� �o�f� �e�a�c�h� �a�t� �3�7�C�.� 

�T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �d�e�p�e�n�d�e�n�t� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �h�a�m�s�t�e�r� �i�n�t�e�s�t�i�n�a�l� 

�e�p�i�t�h�e�l�i�u�m� �w�a�s� �i�n�i�t�i�a�l�l�y� �o�b�s�e�r�v�e�d� �b�y� �K�r�i�v�a�n� �e�t� �a�l�.� �(�1�9�)�,� �w�h�o� �p�o�s�t�u�l�a�t�e�d� �t�h�a�t� �t�h�e� 

�t�e�m�p�e�r�a�t�u�r�e� �d�e�p�e�n�d�e�n�t� �b�i�n�d�i�n�g� �w�a�s� �d�u�e� �t�o� �t�h�e� �d�e�n�s�i�t�y� �o�f� �t�h�e� �r�e�c�e�p�t�o�r�.� �R�e�c�e�p�t�o�r� 

�d�e�n�s�i�t�y� �i�s� �d�e�v�e�l�o�p�m�e�n�t�a�l�l�y� �r�e�g�u�l�a�t�e�d� �i�n� �h�u�m�a�n�s� �w�i�t�h� �a� �s�p�e�c�i�f�i�c� �e�x�a�m�p�l�e� �b�e�i�n�g� �t�h�e� 

�i�l� �a�n�t�i�g�e�n� �s�y�s�t�e�m� �(�1�1�,� �1�4�)�.� �T�h�e� �i� �a�n�t�i�g�e�n� �i�s� �a� �l�i�n�e�a�r� �c�a�r�b�o�h�y�d�r�a�t�e� �t�h�a�t� �e�n�d�s� �w�i�t�h� 

�G�a�l�s� �1�-�4�G�l�c�N�A�c� �(�8�)�,� �w�h�i�c�h� �i�s� �t�h�e� �b�i�o�s�y�n�t�h�e�t�i�c� �p�r�e�c�u�r�s�o�r� �o�f� �t�h�e� �r�e�c�e�p�t�o�r� �f�o�r� �t�o�x�i�n� 

�A� �(�2�)�.� �T�h�i�s� �a�n�t�i�g�e�n� �i�s� �c�o�m�m�o�n�l�y� �f�o�u�n�d� �i�n� �i�n�f�a�n�t�s� �u�p� �t�o� �2� �y�e�a�r�s� �o�f� �a�g�e� �(�1�1�)�.� �T�h�e� 

�I� �a�n�t�i�g�e�n� �(�G�a�l�s� �1�-�4�G�I�c�N�A�q� �1�-�3�[�G�a�l�s� �1�-�4�G�I�c�N�A�q� �1�-�6�]�G�a�l�)� �i�s� �a� �b�r�a�n�c�h�e�d� �f�o�r�m� �o�f� 

�t�h�e� �i� �a�n�t�i�g�e�n� �(�8�)�.� �T�h�e� �I� �a�n�t�i�g�e�n� �b�e�g�i�n�s� �t�o� �a�p�p�e�a�r� �a�s� �t�h�e� �i� �a�n�t�i�g�e�n� �s�t�a�r�t�s� �t�o� 

�d�i�s�a�p�p�e�a�r� �(�1�1�,� �1�4�)�.� �T�h�e� �b�r�a�n�c�h�i�n�g� �o�f� �t�h�e� �I� �a�n�t�i�g�e�n� �c�r�e�a�t�e�s� �a� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �i� 

�a�n�t�i�g�e�n�s� �o�n� �a� �s�i�n�g�l�e� �c�a�r�b�o�h�y�d�r�a�t�e� �c�o�r�e�,� �t�h�u�s� �c�r�e�a�t�i�n�g� �a� �h�i�g�h�e�r� �d�e�n�s�i�t�y� �o�f� �r�e�c�e�p�t�o�r�.� 

�I�f� �t�h�i�s� �d�e�v�e�l�o�p�m�e�n�t�a�l� �r�e�g�u�l�a�t�i�o�n� �o�f� �t�h�e� �i�I� �a�n�t�i�g�e�n�s� �a�l�s�o� �o�c�c�u�r�s� �i�n� �h�a�m�s�t�e�r�s�,� �t�h�i�s



�5�1� 

�c�o�u�l�d� �e�x�p�l�a�i�n� �w�h�y� �o�n�l�y� �t�h�e� �a�d�u�l�t� �h�a�m�s�t�e�r� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m� �b�o�u�n�d� �t�o�x�i�n� �A� �a�t� 

�3�7�C�.� 

�S�o�m�e� �r�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �i�n�f�a�n�t� �h�u�m�a�n�s� �a�n�d� �h�a�m�s�t�e�r�s� �a�r�e� 

�p�a�s�s�i�v�e�l�y� �i�m�m�u�n�i�z�e�d� �a�g�a�i�n�s�t� �t�o�x�i�n� �A� �b�y� �m�o�t�h�e�r ��s� �m�i�l�k�,� �a�n�d� �t�h�a�t� �t�h�i�s� �p�r�o�v�i�d�e�s� 

�p�r�o�t�e�c�t�i�o�n� �f�r�o�m� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �(�1�7�,� �1�8�,� �3�1�)�.� �T�h�i�s� �c�o�u�l�d� �b�e� �o�n�e� �r�e�a�s�o�n� 

�i�n�f�a�n�t� �h�a�m�s�t�e�r�s� �a�r�e� �r�e�s�i�s�t�a�n�t� �t�o� �t�o�x�i�n� �A� �b�e�c�a�u�s�e� �t�h�e�y� �a�r�e� �a�l�w�a�y�s� �b�r�e�a�s�t� �f�e�d�,� �b�u�t� 

�i�n�f�a�n�t� �h�u�m�a�n�s� �a�r�e� �n�o�t�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �p�a�s�s�i�v�e� �i�m�m�u�n�i�z�a�t�i�o�n�,� �m�y� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� 

�t�h�a�t� �i�n�f�a�n�t�s� �m�a�y� �e�v�a�d�e� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �b�y� �n�o�t� �b�i�n�d�i�n�g� �t�h�e� �t�o�x�i�n� �t�o� �t�h�e�i�r� 

�i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m�.� 

�H�u�m�a�n�s� �h�a�v�e� �n�o�t� �b�e�e�n� �s�h�o�w�n� �t�o� �e�x�p�r�e�s�s� �G�a�l�:� �1�-�3�G�a�l�s� �1�-�4�G�I�c�N�A�c� �(�1�0�)�.� 

�E�v�e�n� �s�o�,� �t�h�e� �d�e�n�s�i�t�y� �o�f� �a�n�y� �c�a�r�b�o�h�y�d�r�a�t�e� �r�e�c�e�p�t�o�r� �w�i�t�h� �t�h�e� �c�o�r�e� �s�t�r�u�c�t�u�r�e� �G�a�l�s� �1�-� 

�4�G�I�c�N�A�c� �(�i�.�e�.�,� �t�h�e� �i�l� �a�n�t�i�g�e�n� �s�y�s�t�e�m�)� �w�o�u�l�d� �b�e� �u�n�d�e�r� �d�e�v�e�l�o�p�m�e�n�t�a�l� �r�e�g�u�l�a�t�i�o�n� 

�i�n� �h�u�m�a�n�s�.� �T�h�u�s� �t�h�e� �a�p�p�a�r�e�n�t� �i�n�s�e�n�s�i�t�i�v�i�t�y� �o�f� �h�u�m�a�n� �i�n�f�a�n�t�s� �m�a�y� �b�e� �r�e�l�a�t�e�d� �t�o� 

�t�h�e� �r�e�d�u�c�e�d� �b�i�n�d�i�n�g� �o�f� �t�h�e� �t�o�x�i�n� �o�n� �l�o�w� �d�e�n�s�i�t�y� �r�e�c�e�p�t�o�r�s�.
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�m� �_ ��O� 
�S�&�S� �6�.�0� �-�  �� 

�3� 
�Q� �4�.�0� �+� 

�x� �A�  ��O� �A�d�u�l�t� �B�B�M� 
�C� �o�o�l� �o �� �@� �A�d�u�l�t� �B�B�M� �+� �G�s�1�-�B�,� 
�5�  �� � �/�\� �I�n�f�a�n�t� �B�B�M� �.� 

�[�- ��  ��_ � �� �~� �5� �o�a �� �|�  �� �A� �I�n�f�a�n�t� �B�B�M� �+� �G�S�1� �)� �B�y� 

�0�.�0� �0�.�2� �0�.�4� �0�.�6� �0�.�8� 

�~� �3�7� 
�2� �4�9� �|� �O ��O�d�A�d�u�l�t� �B�B�M� 

�~�~� �@ �� �@� �A�d�u�l�t� �B�B�M� �+� �G�s�1�-�B�,� 
�Z� �A ��A� �I�n�f�a�n�t� �B�B�M� �O� 
�3� �A �� �A�l�n�f�a�n�t� �B�B�M� �+� �G�S�1�-�B�y� 
�O� 

�A� 
�<� �2�.�0� �-� �O�o �� �-� 

�x� 
�O� �a� �e� 

�0�.�0� �E�e�  �� 
�0�.�0� �0�.�2� �0�.�4� �0�.�6� �0�.�8� 

�F�i�g�u�r�e� �1�.� �B�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �a�t� �4�C� �a�n�d� �a�t� �3�7� �t�o� �b�r�u�s�h� �b�o�r�d�e�r� �m�e�m�b�r�a�n�e�s� �(�B�B�M�)� 

�i�s�o�l�a�t�e�d� �f�r�o�m� �a�d�u�l�t� �a�n�d� �i�n�f�a�n�t� �h�a�m�s�t�e�r�s�.� �G�S�1�-�B�,� �i�s� �a� �l�e�c�t�i�n� �t�h�a�t� �b�i�n�d�s� �t�o� �G�a�k�1�-� 

�3�G�a�l� �a�n�d� �w�a�s� �u�s�e�d� �t�o� �c�o�m�p�e�t�i�t�i�v�e�l�y� �i�n�h�i�b�i�t� �t�h�e� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �t�h�e� �B�B�M�,� 

�w�h�i�c�h� �i�n�d�i�c�a�t�e�s� �t�o�x�i�n� �A� �w�a�s� �b�i�n�d�i�n�g� �t�o� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� �r�e�c�e�p�t�o�r� �G�a�l� �1�-�3�G�a�l�¢� �1�-� 

�4�G�l�c�N�A�c�.� 
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� � � � 

�m�g� �o�f� �m�e�m�b�r�a�n�e� �p�r�o�t�e�i�n
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�L�I�T�E�R�A�T�U�R�E� �C�I�T�E�D� 

�1� �B�a�c�o�n�,� �A�.� �E�.�,� �R�.� �F�e�k�e�t�y�,� �D�.� �R�.� �S�c�h�a�b�e�r�g�,� �a�n�s� �R�.� �G�.� �F�a�i�x�.� �1�9�8�8�.� 
�E�p�i�d�e�m�i�o�l�o�g�y� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �c�o�l�o�n�i�z�a�t�i�o�n� �i�n� �n�e�w�b�o�r�n�s�:� �r�e�s�u�l�t�s� �u�s�i�n�g� �a� 
�b�a�c�t�e�r�i�o�p�h�a�g�e� �a�n�d� �b�a�c�t�e�r�i�o�c�i�n� �t�y�p�i�n�g� �s�y�s�t�e�m�.� �J�.� �I�n�f�e�c�t�.� �D�i�s�.� �1�5�8�:� �3�4�9�-�3�5�4�.� 

�2� �B�l�a�k�e�n�,� �W�.� �M�.�,� �D�.� �H�.� �V�a�n� �d�e�n� �E�i�j�n�d�e�n�.� �1�9�8�5�.� �B�i�o�s�y�n�t�h�e�s�i�s� �o�f� �t�e�r�m�i�n�a�l� 
�G�a�l�:� �1�-�3�G�a�l�s� �1�-�4�G�l�c�N�A�c�-�R� �o�l�i�g�o�s�a�c�c�h�a�r�i�d�e� �s�e�q�u�e�n�c�e�s� �o�n� �g�l�y�c�o�c�o�n�j�u�g�a�t�e�s�.� �J�.� �B�i�o�l�.� 
�C�h�e�m�.� �2�6�0�:� �1�2�9�2�7�-�1�2�9�3�4�.� 

�3� �B�o�l�t�o�n�,� �R�.� �P�.�,� �S�.� �K�.� �T�a�i�t�,� �P�.� �R�.� �F�.� �D�e�a�r�,� �a�n�d� �M�.� �S�.� �L�o�s�o�w�s�k�y�.� �1�9�8�4�.� 
�A�s�y�m�p�t�o�m�a�t�i�c� �n�e�o�n�a�t�a�l� �c�o�l�o�n�i�s�a�t�i�o�n� �b�y� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�.� �A�r�c�h�.� �D�i�s�.� �C�h�i�l�d�h�o�o�d� 
�5�9�:� �4�6�6�-�4�7�2�.� 

�4� �B�r�a�d�f�o�r�d�,� �M�.� �M�.�,� �1�9�7�6�.� �A� �r�a�p�i�d� �a�n�d� �s�e�n�s�i�t�i�v�e� �m�e�t�h�o�d� �f�o�r� �t�h�e� �q�u�a�n�t�i�t�a�t�i�o�n� 
�o�f� �m�i�c�r�o�g�r�a�m� �q�u�a�n�t�i�t�i�e�s� �o�f� �p�r�o�t�e�i�n� �u�t�i�l�i�z�i�n�g� �t�h�e� �p�r�i�n�c�i�p�l�e� �o�f� �p�r�o�t�e�i�n�-�d�y�e� �b�i�n�d�i�n�g�.� 
�A�n�a�l�.� �B�i�o�c�h�e�m�.� �7�2�:� �2�4�8�-�2�5�4�.� 

�5� �C�h�a�n�g�,� �T�.�-�W�.�,� �N�.� �M�.� �S�u�l�l�i�v�a�n�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�6�.� �I�n�s�u�s�c�e�p�t�i�b�i�l�i�t�y� �o�f� 
�f�e�t�a�l� �i�n�t�e�s�t�i�n�a�l� �m�u�c�o�s�a� �a�n�d� �f�e�t�a�l� �c�e�l�l�s� �t�o� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n�s�.� �A�c�t�a� �P�h�a�r�.� 
�S�i�n�.� �5�:� �4�4�8�-�4�5�3�.� 

�6� �D�e�l�m�e�e�,� �M�.�,� �G�.� �V�e�r�e�l�l�e�n�,� �V�.� �A�v�e�s�a�n�i�,� �a�n�d� �G�.� �F�r�a�n�c�o�i�s�.� �1�9�8�8�.� �C�l�o�s�t�r�i�d�i�u�m� 
�d�i�f�f�i�c�i�l�e� �i�n� �n�e�o�n�a�t�e�s�:� �s�e�r�o�g�r�o�u�p�i�n�g� �a�n�d� �e�p�i�d�e�m�i�o�l�o�g�y�.� �E�u�r�.� �J�.� �P�e�d�i�a�t�r�.� �1�4�7�:� �3�6�-�4�9�.� 

�7� �D�o�n�t�a�,� �S�.� �T�.�,� �a�n�d� �M�.� �G�.� �M�y�e�r�s�.� �1�9�8�2�.� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �i�n� 
�a�s�y�m�p�t�o�m�a�t�i�c� �n�e�o�n�a�t�e�s�.� �J�.� �P�e�d�i�a�t�r�i�c�s�.� �1�0�0�:� �4�3�1�-�4�3�4�.� 

�8� �E�g�g�e�,� �H�.�,� �M�.� �K�o�r�d�o�w�i�c�z�,� �J�.� �P�e�t�e�r�-�K�a�t�a�l�i�n�i�c�,� �a�n�d� �P�.� �H�a�n�f�l�a�n�d�.� �1�9�8�5�.� 
�I�m�m�u�n�o�c�h�e�m�i�s�t�r�y� �o�f� �I�/�i�-�a�c�t�i�v�e� �o�l�i�g�o�-� �a�n�d� �p�o�l�y�g�l�y�c�o�s�y�l�c�e�r�a�m�i�d�e�s� �f�r�o�m� �r�a�b�b�i�t� 
�e�r�y�t�h�r�o�c�y�t�e� �m�e�m�b�r�a�n�e�s�.� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�6�0�:� �4�9�2�7�-�4�9�3�5�.� 

�9� �F�o�r�s�t�n�e�r�,� �G�.� �G�.�,� �S�.� �M�.� �S�a�b�e�s�i�n�,� �a�n�d� �K�.� �J�.� �I�s�s�e�l�b�a�c�h�e�r�.� �1�9�6�8�.� �R�a�t� �i�n�t�e�s�t�i�n�a�l� 
�m�i�c�r�o�v�i�l�l�u�s� �m�e�m�b�r�a�n�e�s�:� �p�u�r�i�f�i�c�a�t�i�o�n� �a�n�d� �b�i�o�c�h�e�m�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n�.� �B�i�o�c�h�e�m�.� 
�J�.� �1�0�6�:� �3�8�1�-�3�9�0�.� 

�1�0� �G�a�l�i�l�i�,� �U�.�,� �S�.� �B�.� �S�h�o�h�e�t�,� �E�.� �K�o�b�r�i�n�,� �C�.� �L�.� �M�.� �S�t�u�l�t�s�,� �B�.� �A�.� �M�a�c�h�e�r�.� �1�9�8�8�.� 
�M�a�n�,� �a�p�e�s�,� �a�n�d� �o�l�d� �w�o�r�l�d� �m�o�n�k�e�y�s� �d�i�f�f�e�r� �f�r�o�m� �o�t�h�e�r� �m�a�m�m�a�l�s� �i�n� �t�h�e� �e�x�p�r�e�s�s�i�o�n� 
�o�f� �a�-�g�a�l�a�c�t�o�s�y�l� �e�p�i�t�o�p�e�s� �o�n� �n�u�c�l�e�a�t�e�d� �c�e�l�l�s�.� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�6�3�:� �1�7�7�5�5�-�1�7�7�6�2�.� 

�1�1� �G�i�l�b�e�r�t�,� �E�.� �R�.� �1�9�8�3�.� �E�r�y�t�h�r�o�c�y�t�e� �a�n�t�i�g�e�n�s� �a�n�d� �a�n�t�i�b�o�d�i�e�s�.� �I�n� �H�e�m�a�t�o�l�o�g�y�.� 
�W�.� �J�.� �W�i�l�l�i�a�m�s�,� �E�.� �B�e�u�t�l�e�r�,� �A�.� �J�.� �E�r�s�l�e�v�,� �a�n�d� �M�.� �A�.� �L�i�c�h�t�m�a�n� �(�E�d�s�.�)�.� �M�c�G�r�a�w�-� 
�H�i�l�l� �B�o�o�k� �C�o�.� �N�e�w� �Y�o�r�k�.� �p�p�.� �1�4�9�1�-�1�5�0�8�5� �.



�5�4� 

�1�2� �G�o�l�d�s�t�e�i�n�,� �I�.� �J�.�,� �a�n�d� �R�.� �D�.� �P�o�r�t�e�z�.� �1�9�8�6�.� �I�s�o�l�a�t�i�o�n�,� �p�h�y�s�i�c�o�c�h�e�m�i�c�a�l� 
�c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n�,� �a�n�d� �c�a�r�b�o�h�y�d�r�a�t�e� �b�i�n�d�i�n�g� �s�p�e�c�i�f�i�c�i�t�y� �o�f� �l�e�c�t�i�n�s�.� �i�n� �T�h�e� �l�e�c�t�i�n�s�:� 
�p�r�o�p�e�r�t�i�e�s�,� �f�u�n�c�t�i�o�n�s�,� �a�n�d� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �b�i�o�l�o�g�y� �a�n�d� �m�e�d�i�c�i�n�e�.� �I�.� �E�.� �L�i�e�n�e�r�,� �N�.� 
�S�h�a�r�o�n�,� �a�n�d� �I�.� �J�.� �G�o�l�d�s�t�e�i�n� �(�E�d�s�.�)�.�_� �A�c�a�d�e�m�i�c� �P�r�e�s�s� �I�n�c�.� �p�p� �3�3�-�2�4�7�.� 

�1�3� �G�r�i�f�f�i�n�,� �G�.� �E�.�,� �A�.� �M�c�D�o�u�g�a�l�l�,� �S�.� �A�.� �A�s�h�,� �a�n�d� �S�.� �P�.� �B�o�r�r�i�e�l�l�o�.� �1�9�8�4�.� �A�g�e� 
�r�e�l�a�t�e�d� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �o�f� �h�a�m�s�t�e�r�s� �t�o� �c�l�i�n�d�a�m�y�c�i�n� �i�n�d�u�c�e�d� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� 
�c�a�e�c�i�t�i�s�.� �M�i�c�r�o�e�c�o�l�.� �T�h�r�a�p�y� �1�4�:� �2�6�9�-�2�7�0�.� 

�1�4� �H�a�k�o�m�o�r�i�,� �S�.� �I�.� �1�9�8�1�.� �B�l�o�o�d� �g�r�o�u�p� �A�B�H� �a�n�d� �I�i� �a�n�t�i�g�e�n�s� �o�f� �h�u�m�a�n� 
�e�r�y�t�h�r�o�c�y�t�e�s�:� �c�h�e�m�i�s�t�r�y�,� �p�o�l�y�m�o�r�p�h�i�s�m�,� �a�n�d� �t�h�e�i�r� �d�e�v�e�l�o�p�m�e�n�t�a�l� �c�h�a�n�g�e�.� �S�e�m�i�n�.� 
�H�e�m�a�t�o�l�.� �1�8�:� �3�9�-�6�2�.� 

�1�5� �I�a�c�o�n�i�s�,� �J�.� �P�.�,� �a�n�d� �R�.� �D�.� �R�o�l�f�e�.� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�-�a�s�s�o�c�i�a�t�e�d� �i�l�e�o�c�e�c�i�t�i�s� �i�n� 
�c�l�i�n�d�a�m�y�c�i�n�-�t�r�e�a�t�e�d� �i�n�f�a�n�t� �h�a�m�s�t�e�r�s�.� �C�u�r�r�.� �M�i�c�r�o�b�i�o�l�.� �1�3�:� �3�2�7�-�3�3�2�.� 

�1�6� �K�a�r�s�c�h�,� �W�.�,� �E�.� �S�t�r�e�l�a�u�,� �W�.�-�D�.� �G�r�a�h�l�o�w�,� �E�.� �F�i�s�c�h�e�r�,� �a�n�s� �R�.� �S�c�h�u�l�z�.� �1�9�8�9�.� 
�O�c�c�u�r�e�n�c�e� �a�n�d� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�n� �f�a�e�c�a�l� �s�p�e�c�i�m�e�n�s� �o�f� 
�h�o�s�p�i�t�a�l�i�z�e�d� �c�h�i�l�d�r�e�n�.� �Z�b�l�.� �B�a�k�t�.� �H�y�g�.� �2�7�0�:� �4�4�1�-�4�4�8�.� 

�1�7� �K�i�m�,� �K�.�,� �L�.� �K�.� �P�i�c�k�e�r�i�n�g�,� �H�.� �L�.� �D�u�P�o�n�t�,� �N�.� �S�u�l�l�i�v�a�n�,� �T�.� �W�i�l�k�i�n�s�.� �1�9�8�4�.� �I�n� 
�v�i�t�r�o� �a�n�d� �i�n� �v�i�v�o� �n�e�u�t�r�a�l�i�z�i�n�g� �a�c�t�i�v�i�t�y� �o�f� �h�u�m�a�n� �c�o�l�o�s�t�r�u�m� �a�n�d� �m�i�l�k� �a�g�a�i�n�s�t� 
�p�u�r�i�f�i�e�d� �t�o�x�i�n�s� �A� �a�n�d� �B� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�.� �J�.� �I�n�f�e�c�t�.� �D�i�s�.� �1�5�0�:� �5�7�-�6�2�.� 

�1�8� �K�i�m�,� �P�.�-�H�.�,� �J�.� �P�.� �I�a�c�o�n�i�s�,� �a�n�d� �R�.� �D�.� �R�o�l�f�e�.� �1�9�8�7�.� �I�m�m�u�n�i�z�a�t�i�o�n� �o�f� �a�d�u�l�t� 
�h�a�m�s�t�e�r�s� �a�g�a�i�n�s�t� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�-�a�s�s�o�c�i�a�t�e�d� �i�l�e�o�c�e�c�i�t�i�s� �a�n�d� �t�r�a�n�s�f�e�r� �o�f� 
�p�r�o�t�e�c�t�i�o�n� �t�o� �i�n�f�a�n�t� �h�a�m�s�t�e�r�s�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �5�5�:� �2�9�8�4�-�2�9�9�2�.� 

�1�9� �K�r�i�v�a�n�,� �H�.� �C�.�,�G�.� �F�.� �C�l�a�r�k�,� �D�.� �F�.� �S�m�i�t�h�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�6�.� �C�e�l�l� 
�s�u�r�f�a�c�e� �b�i�n�d�i�n�g� �s�i�t�e� �f�o�r� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �e�n�t�e�r�o�t�o�x�i�n�:� �e�v�i�d�e�n�c�e� �f�o�r� �a� 
�g�l�y�c�o�c�o�n�j�u�g�a�t�e� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �s�e�q�u�e�n�c�e� �G�a�l� �1�-�3�G�a�l�g�1�-�4�G�I�c�N�A�c�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� 
�5�3�:� �5�7�3�-�5�8�1�.� 

�2�0� �K�r�i�v�a�n�,� �H�.� �C�.�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�7�.� �P�u�r�i�f�i�c�a�t�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� 
�t�o�x�i�n� �A� �b�y� �a�f�f�i�n�i�t�y� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �o�n� �i�m�m�o�b�i�l�i�z�e�d� �t�h�y�r�o�g�l�o�b�u�l�i�n�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� 
�5�5�:� �1�8�7�3�-�1�8�7�7�.� 

�2�1� �L�a�r�s�o�n�,� �H�.� �E�.�,� �F�.� �E�.� �B�a�r�c�l�a�y�,� �P�.� �H�o�n�o�u�r�,� �a�n�d� �I�.� �D�.� �H�i�l�l�.� �1�9�8�2�.� 
�E�p�i�d�e�m�i�o�l�o�g�y� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�n� �i�n�f�a�n�t�s�.� �J�.� �I�n�f�e�c�t�.� �D�i�s�.� �1�4�6�:� �7�2�7�-�7�3�3�.� 

�2�2� �L�i�b�b�y�,� �J�.� �M�.�,� �S�.� �T�.� �D�o�n�t�a�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�3�.� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� 
�t�o�x�i�n� �A� �i�n� �i�n�f�a�n�t�s�.� �J�.� �I�n�f�e�c�t�.� �D�i�s�.� �1�4�8�:� �6�0�6�.



�5�5� 

�2�3� �L�i�m�a�,� �A�.� �A�.� �M�.�,� �D�.� �M�.� �L�y�e�r�l�y�,� �T�.� �D�.� �W�i�l�k�i�n�s�,� �D�.� �J�.� �I�n�n�e�s�,� �a�n�d� �R�.� �L�.� 
�G�u�e�r�r�a�n�t�.� �1�9�8�8�.� �E�f�f�e�c�t�s� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n�s� �A� �a�n�d� �B� �i�n� �r�a�b�b�i�t� �s�m�a�l�l� 
�a�n�d� �l�a�r�g�e� �i�n�t�e�s�t�i�n�e� �i�n� �v�i�v�o� �a�n�d� �o�n� �c�u�l�t�u�r�e�s� �c�e�l�l�s� �i�n� �v�i�t�r�o�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �5�6�:� �5�8�2�-� 
�5�8�8�.� 

�2�4� �L�y�e�r�l�y�,� �D�.� �M�.�,� �K�.� �E�.� �S�a�u�m�,� �D�.� �K�.� �M�a�c�D�o�n�a�l�d�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�5�.� 
�E�f�f�e�c�t�s� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n�s� �g�i�v�e�n� �i�n�t�r�a�g�a�s�t�r�i�c�a�l�l�y� �t�o� �a�n�i�m�a�l�s�.� �I�n�f�e�c�t�.� 
�I�m�m�u�n�.� �4�7�:� �3�4�9�-�3�5�2�.� 

�2�5� �L�y�e�r�l�y�,� �D�.� �M�.�,� �D�.� �E�.� �L�o�c�k�w�o�o�d�,� �S�.� �H�.� �R�i�c�h�a�r�d�s�o�n�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� 
�1�9�8�2�.� �B�i�o�l�o�g�i�c�a�l� �a�c�t�i�v�i�t�i�e�s� �o�f� �t�o�x�i�n�s� �A� �a�n�d� �B� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�.� �I�n�f�e�c�t�.� 
�I�m�m�u�n�.� �3�5�:� �1�1�4�7�-�1�1�5�0�.� 

�2�6� �M�a�r�d�h�,� �P�.�-�A�.�,� �I�.� �H�e�l�i�n�,� �I�.� �C�o�l�l�e�e�n�,� �M�.� �O�b�e�r�g�,� �a�n�d� �E�.� �H�o�l�s�t�.� �1�9�8�2�.� 
�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �i�n� �f�a�e�c�a�l� �s�p�e�c�i�m�e�n�s� �o�f� �h�e�a�l�t�h�y� �c�h�i�l�d�r�e�n� �a�n�d� �c�h�i�l�d�r�e�n� �w�i�t�h� 
�d�i�a�r�r�h�o�e�a�.� �A�c�t�a�.� �P�e�d�i�a�t�r�.� �S�c�a�n�d�.� �7�1�:� �2�7�5�-�2�7�8�.� 

�2�7� �R�i�e�t�r�a�,� �P�.� �J�.� �G�.� �M�.�,� �K�.� �W�.� �S�l�a�t�e�r�u�s�,� �H�.� �C�.� �Z�a�n�e�n�,� �a�n�d� �S�.� �G�.� �M�.� �M�e�u�w�i�s�s�e�n�.� 
�1�9�7�8�.� �C�l�o�s�t�r�i�d�i�a�l� �t�o�x�i�n�s� �i�n� �h�e�a�l�t�h�y� �i�n�f�a�n�t�s�.� �L�a�n�c�e�t� �i�i�:� �3�1�9�.� 

�2�8� �R�o�l�f�e�,� �R�.� �D�.�,� �a�n�d� �J�.� �P�.� �I�a�c�o�n�i�s�.� �1�9�8�3�.� �I�n�t�e�s�t�i�n�a�l� �c�o�l�o�n�i�z�a�t�i�o�n� �o�f� �i�n�f�a�n�t� 
�h�a�m�s�t�e�r�s� �w�i�t�h� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �4�2�:� �4�8�0�-�4�8�6�.� 

�2�9� �T�o�r�r�e�s�,� �J�.� �F�.�,� �R�.� �C�e�d�i�l�l�o�,� �J�.� �S�a�n�c�h�e�z�,� �C�.� �D�i�l�l�m�a�n�,� �S�$�.� �G�i�o�n�o�,� �a�n�s� �O�.� �M�u�n�o�z�.� 
�1�9�8�4�.� �P�r�e�v�a�l�a�n�c�e� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �a�n�d� �i�t�s� �c�y�t�o�t�o�x�i�n� �i�n� �i�n�f�a�n�t�s� �i�n� �M�e�x�i�c�o�.� �J�.� 
�C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �2�0�:� �2�7�4�-�2�7�5�.� 

�3�0� �T�u�l�l�u�s�,� �K�.�,� �B�.� �A�r�o�n�s�s�o�n�,� �S�.� �M�a�r�c�u�s�,� �a�n�d� �R�.� �M�o�l�l�b�y�.� �1�9�8�9�.� �I�n�t�e�s�t�i�n�a�l� 
�c�o�l�o�n�i�z�a�t�i�o�n� �w�i�t�h� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�n� �i�n�f�a�n�t�s� �u�p� �t�p� �1�8� �m�o�n�t�h�s� �o�f� �a�g�e�.� �E�u�r�.� �J�.� 
�C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �I�n�f�e�c�t�.� �D�i�s�.� �8�:� �3�0�3�-�3�9�3�.� 

�3�1� �W�a�d�a�,� �N�.�,� �N�.� �N�i�s�h�i�d�a�,� �S�.� �I�w�a�k�i�,� �H�.� �O�h�i�,� �T�.� �M�i�y�a�w�a�k�i�,� �N�.� �T�a�n�i�g�u�c�h�i�,� �a�n�d� �S�.� 
�M�i�g�i�t�a�.� �1�9�8�0�.� �N�e�u�t�r�a�l�i�z�i�n�g� �a�c�t�i�v�i�t�y� �a�g�a�i�n�s�t� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �i�n� �t�h�e� 
�s�u�p�e�r�n�a�t�e�n�t�s� �o�f� �c�u�l�t�u�r�e�s� �c�o�l�o�s�t�r�a�l� �c�e�l�l�s�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �2�9�:� �5�4�5�-�5�5�0�.



�T�O�X�I�N� �A� �O�F� �C�L�O�S�T�R�I�D�I�U�M� �D�I�F�F�I�C�I�L�E� �I�S� �A� �P�O�T�E�N�T� �C�Y�T�O�T�O�X�I�N� 

�K�e�n�n�e�t�h� �D�.� �T�u�c�k�e�r� 

�P�a�u�l�i�n�e� �E�.� �C�a�r�r�i�g�,� �a�n�d� �T�r�a�c�y� �D�.� �W�i�l�k�i�n�s� 

�D�e�p�a�r�t�m�e�n�t� �o�f� �A�n�a�e�r�o�b�i�c� �M�i�c�r�o�b�i�o�l�o�g�y� 

�V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� 

�B�l�a�c�k�s�b�u�r�g�,� �V�i�r�g�i�n�i�a� �2�4�0�6�1� 
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�5�7� 

�A�B�S�T�R�A�C�T� 

�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�s� �t�h�e� �c�a�u�s�e� �o�f� �a�n�t�i�b�i�o�t�i�c� �a�s�s�o�c�i�a�t�e�d� �c�o�l�i�t�i�s� �i�n� �h�u�m�a�n�s�.� �T�h�e� 

�o�r�g�a�n�i�s�m� �p�r�o�d�u�c�e�s� �t�o�x�i�n� �A�,� �w�h�i�c�h� �i�s� �g�e�n�e�r�a�l�l�y� �k�n�o�w�n� �a�s� �t�h�e� �e�n�t�e�r�o�t�o�x�i�n�,� �a�n�d� 

�t�o�x�i�n� �B�,� �w�h�i�c�h� �i�s� �k�n�o�w�n� �a�s� �t�h�e� �c�y�t�o�t�o�x�i�n�.� �T�o�x�i�n� �A� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �h�a�v�e� 

�s�l�i�g�h�t� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y�;� �i�n� �t�h�i�s� �s�t�u�d�y� �w�e� �s�h�o�w� �t�h�a�t� �c�e�l�l� �l�i�n�e�s� �(�F�9�,� �O�T�F�9�-�6�3� �a�n�d� 

�P�1�9�)� �w�h�i�c�h� �e�x�p�r�e�s�s� �a� �c�a�r�b�o�h�y�d�r�a�t�e� �t�o� �w�h�i�c�h� �t�o�x�i�n� �A� �b�i�n�d�s� �a�r�e� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� 

�t�h�e� �t�o�x�i�n�.� �T�h�e�s�e� �c�e�l�l� �l�i�n�e�s� �c�a�n� �b�e� �u�s�e�d� �a�s� �r�e�s�e�a�r�c�h� �t�o�o�l�s� �f�o�r� �d�e�t�e�r�m�i�n�i�n�g� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �b�i�o�l�o�g�i�c�a�l�l�y� �a�c�t�i�v�e� �t�o�x�i�n� �A� �a�n�d� �s�h�o�u�l�d� �a�l�s�o� �p�r�o�v�e� �u�s�e�f�u�l� �f�o�r� 

�s�t�u�d�i�e�s� �o�f� �t�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �a�c�t�i�o�n� �o�f� �t�h�e� �t�o�x�i�n�.



�5�8� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�,� �w�h�i�c�h� �c�a�u�s�e�s� �a�n�t�i�b�i�o�t�i�c� �a�s�s�o�c�i�a�t�e�d� �p�s�e�u�d�o�m�e�m�b�r�a�n�o�u�s� 

�c�o�l�i�t�i�s� �i�n� �h�u�m�a�n�s�,� �p�r�o�d�u�c�e�s� �t�w�o� �t�o�x�i�n�s�,� �A� �a�n�d� �B�.� �T�o�x�i�n� �B� �i�s� �o�n�e� �o�f� �t�h�e� �m�o�s�t� 

�p�o�t�e�n�t� �c�y�t�o�t�o�x�i�n�s� �k�n�o�w�n�;� �o�n�l�y� �a� �p�i�c�o�g�r�a�m� �i�s� �r�e�q�u�i�r�e�d� �t�o� �c�a�u�s�e� �a� �c�y�t�o�t�o�x�i�c� �e�f�f�e�c�t� 

�o�n� �c�u�l�t�u�r�e�d� �c�e�l�l�s� �(�1�,�1�1�,�1�3�,�1�4�)�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �h�i�g�h� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�h�i�s� �t�o�x�i�n�,� 

�t�h�e� �n�e�u�t�r�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �b�y� �s�p�e�c�i�f�i�c� �a�n�t�i�s�e�r�a� �i�s� �t�h�e� �"�g�o�l�d� 

�s�t�a�n�d�a�r�d �� �f�o�r� �d�i�a�g�n�o�s�i�s� �o�f� �t�h�e� �d�i�s�e�a�s�e�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �a�l�t�h�o�u�g�h� �t�o�x�i�n� �B� �i�s� �t�h�e� �t�o�x�i�n� 

�d�e�t�e�c�t�e�d� �b�y� �t�h�e� �n�e�u�t�r�a�l�i�z�a�t�i�o�n� �a�s�s�a�y�,� �i�t� �i�s� �n�o�t� �t�h�e� �t�o�x�i�n� �t�h�o�u�g�h�t� �t�o� �b�e� �r�e�s�p�o�n�s�i�b�l�e� 

�f�o�r� �m�o�s�t� �o�f� �t�h�e� �s�y�m�p�t�o�m�s� �o�f� �p�s�e�u�d�o�m�e�m�b�r�a�n�o�u�s� �c�o�l�i�t�i�s�.� �T�o�x�i�n� �A� �i�s� �t�h�o�u�g�h�t� �t�o� 

�c�a�u�s�e� �b�o�t�h� �t�h�e� �d�i�a�r�r�h�e�a� �a�n�d� �t�h�e� �d�e�s�t�r�u�c�t�i�o�n� �o�f� �t�h�e� �c�o�l�o�n�i�c� �m�u�c�o�s�a� �w�h�i�c�h� �i�s� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �t�h�i�s� �d�i�s�e�a�s�e� �(�1�,�1�0�,�1�3�,�1�4�)�.� �T�o�x�i�n� �B� �a�p�p�e�a�r�s� �t�o� �h�a�v�e� �n�o� �e�f�f�e�c�t� �o�n� 

�u�n�d�i�s�t�u�r�b�e�d� �c�o�l�o�n�i�c� �m�u�c�o�s�a� �(�1�,�1�0�,�1�3�,�1�4�)�.� 

�T�o�x�i�n� �A� �i�s� �n�o�t� �a� �c�l�a�s�s�i�c�a�l� �e�n�t�e�r�o�t�o�x�i�n� �i�n� �t�h�a�t� �t�h�e� �f�l�u�i�d� �r�e�s�p�o�n�s�e� �i�s� �n�o�t� �a� 

�c�l�e�a�r� �l�i�q�u�i�d� �b�u�t� �r�a�t�h�e�r� �a� �h�e�m�o�r�r�h�a�g�i�c� �e�x�u�d�a�t�e� �c�o�m�p�o�s�e�d� �o�f� �s�e�r�u�m� �c�o�m�p�o�n�e�n�t�s� 

�a�n�d� �c�e�l�l�u�l�a�r� �d�e�b�r�i�s� �(�1�0�)�.� �T�h�e�r�e� �i�s� �s�o�m�e� �c�o�n�t�r�o�v�e�r�s�y� �o�v�e�r� �w�h�e�t�h�e�r� �t�o�x�i�n� �A� �a�l�s�o� �i�s� 

�c�y�t�o�t�o�x�i�c� �t�o� �c�u�l�t�u�r�e�d� �c�e�l�l�s�.� �B�a�n�n�o� �e�t� �a�l�.� �(�1�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�o�x�i�n� �A� �h�a�d� �n�o� 

�c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y�;� �o�t�h�e�r� �l�a�b�o�r�a�t�o�r�i�e�s� �r�e�p�o�r�t�e�d� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �t�o�x�i�n� �t�o� �b�e� �1�,�0�0�0�-� 

�t�o� �1�0�,�0�0�0�-�f�o�l�d� �l�e�s�s� �t�h�a�n� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �B� �o�n� �t�h�e� �s�a�m�e� �c�e�l�l� �l�i�n�e�s� �(�5�,�1�1�,�1�3�,�1�4�)�.� 

�P�r�e�p�a�r�a�t�i�o�n�s� �o�f� �e�i�t�h�e�r� �t�o�x�i�n� �A� �o�r� �t�o�x�i�n� �B� �c�a�u�s�e� �t�h�e� �s�a�m�e� �c�h�a�n�g�e� �i�n� �m�o�r�p�h�o�l�o�g�y� 

�o�f� �c�u�l�t�u�r�e�d� �c�e�l�l�s�,� �t�h�u�s� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �s�u�s�p�i�c�i�o�n� �t�h�a�t� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� 

�t�o�x�i�n� �A� �p�r�e�p�a�r�a�t�i�o�n�s� �m�i�g�h�t� �b�e� �d�u�e� �t�o� �c�o�n�t�a�m�i�n�a�t�i�o�n� �w�i�t�h� �t�o�x�i�n� �B�.� �T�h�e� �m�a�i�n� �f�a�c�t� 

�w�h�i�c�h� �w�o�u�l�d� �r�e�f�u�t�e� �t�h�i�s� �c�o�n�c�e�p�t� �i�s� �t�h�a�t� �s�p�e�c�i�f�i�c� �a�n�t�i�b�o�d�i�e�s� �t�o� �t�o�x�i�n� �B� �d�o� �n�o�t



�5�9� 

�n�e�u�t�r�a�l�i�z�e� �t�h�e� �c�y�t�o�t�o�x�i�c�i�t�y� �o�f� �t�o�x�i�n� �A� �(�1�3�)�.� �H�o�w�e�v�e�r�,� �a� �d�i�r�e�c�t� �d�e�m�o�n�s�t�r�a�t�i�o�n� �t�h�a�t� 

�t�o�x�i�n� �A� �h�a�s� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �t�o�x�i�n� �B� �h�a�s� �n�o�t� �b�e�e�n� �p�r�e�s�e�n�t�e�d�.� 

�I�n� �t�h�i�s� �p�a�p�e�r�,� �w�e� �s�h�o�w� �t�h�a�t� �s�o�m�e� �c�e�l�l� �l�i�n�e�s� �a�r�e� �m�u�c�h� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� 

�t�o�x�i�n� �A� �t�h�a�n� �t�h�o�s�e� �t�h�a�t� �h�a�v�e� �b�e�e�n� �t�e�s�t�e�d� �p�r�e�v�i�o�u�s�l�y�.� �T�h�e� �m�o�r�p�h�o�l�o�g�i�c�a�l� �e�f�f�e�c�t� �o�n� 

�t�h�e�s�e� �c�u�l�t�u�r�e�d� �c�e�l�l�s� �a�p�p�e�a�r�e�d� �t�o� �b�e� �t�h�e� �s�a�m�e� �f�o�r� �e�a�c�h� �t�o�x�i�n�,� �a�n�d� �t�h�e�s�e� �e�f�f�e�c�t�s� 

�w�e�r�e� �n�e�u�t�r�a�l�i�z�e�d� �b�y� �a�n�t�i�b�o�d�i�e�s� �s�p�e�c�i�f�i�c� �f�o�r� �t�h�e� �t�o�x�i�n� �t�e�s�t�e�d�.



�6�0� 

�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�C�.� �d�i�f�f�i�c�i�l�e� �V�P�I� �1�0�4�6�3� �w�a�s� �g�r�o�w�n� �i�n� �b�r�a�i�n� �h�e�a�r�t� �i�n�f�u�s�i�o�n� �d�i�a�l�y�s�i�s� �f�l�a�s�k�s� �a�s� 

�p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �(�1�3�)�.� �T�o�x�i�n� �A� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �a�f�f�i�n�i�t�y� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �u�s�i�n�g� 

�i�m�m�o�b�i�l�i�z�e�d� �b�o�v�i�n�e� �t�h�y�r�o�g�l�o�b�u�l�i�n� �(�8�)�.� �T�o�x�i�n� �B� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �i�o�n� �e�x�c�h�a�n�g�e� 

�c�h�r�o�m�a�t�o�g�r�a�p�h�y� �o�n� �D�E�A�E�-�S�e�p�h�a�r�o�s�e� �C�L�-�6�B� �a�n�d� �i�m�m�u�n�o�a�d�s�o�r�p�t�i�o�n� �(�1�1�)�.� �T�h�e� 

�p�u�r�i�t�y� �o�f� �t�h�e� �t�o�x�i�n�s� �w�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �b�y� �c�r�o�s�s�e�d� �i�m�m�u�n�o�e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �a�n�d� 

�p�o�l�y�a�c�r�y�l�a�m�i�d�e� �g�e�l� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �a�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �(�1�3�)�.� �P�r�o�t�e�i�n� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �e�s�t�i�m�a�t�e�d� �b�y� �t�h�e� �m�e�t�h�o�d� �o�f� �B�r�a�d�f�o�r�d� �(�2�)� �w�i�t�h� �b�o�v�i�n�e� �g�a�m�m�a� 

�g�l�o�b�u�l�i�n� �a�s� �a� �s�t�a�n�d�a�r�d�.� 

�A�f�f�i�n�i�t�y�-�p�u�r�i�f�i�e�d� �a�n�t�i�b�o�d�i�e�s� �t�o� �t�o�x�i�n� �A� �w�e�r�e� �p�u�r�i�f�i�e�d� �a�s� �p�r�e�v�i�o�u�s�l�y� 

�d�e�s�c�r�i�b�e�d� �u�s�i�n�g� �h�o�m�o�g�e�n�e�o�u�s� �t�o�x�i�n� �A� �c�o�u�p�l�e�d� �t�o� �A�f�f�i�G�e�l� �1�0� �(�B�i�o�-�R�a�d� 

�L�a�b�o�r�a�t�o�r�i�e�s�,� �R�i�c�h�m�o�n�d�,� �C�a�l�i�f�.�)� �(�1�2�)�.� �A�f�f�i�n�i�t�y� �p�u�r�i�f�i�e�d� �a�n�t�i�b�o�d�i�e�s� �t�o� �t�o�x�i�n� �B� �w�e�r�e� 

�p�r�e�p�a�r�e�d� �s�i�m�i�l�a�r�l�y� �u�s�i�n�g� �i�m�m�o�b�i�l�i�z�e�d� �t�o�x�i�n� �B�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �a�f�f�i�n�i�t�y�-� 

�p�u�r�i�f�i�e�d� �a�n�t�i�b�o�d�i�e�s� �w�a�s� �e�s�t�i�m�a�t�e�d� �u�s�i�n�g� �a�n� �E�,�,�,�,� �o�f� �1�4�.� �F�o�r� �n�e�u�t�r�a�l�i�z�a�t�i�o�n� �a�s�s�a�y�s�,� 

�t�h�e� �a�n�t�i�b�o�d�i�e�s� �t�o� �t�h�e� �t�o�x�i�n�s� �w�e�r�e� �m�i�x�e�d� �1�:�1� �w�i�t�h� �s�e�r�i�a�l� �d�i�l�u�t�i�o�n�s� �o�f� �t�o�x�i�n�,� �a�n�d� �t�h�e� 

�m�i�x�t�u�r�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �f�o�r� �o�n�e� �h�o�u�r� �o�n� �i�c�e� �b�e�f�o�r�e� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �c�u�l�t�u�r�e� �w�e�l�l�s� 

�(�7�)�.� 

�T�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�i�e�s� �o�f� �t�o�x�i�n�s� �A� �a�n�d� �B� �o�n� �t�h�e� �m�o�u�s�e� �t�e�r�a�t�o�c�a�r�c�i�n�o�m�a� 

�c�e�l�l� �l�i�n�e�s� �F�9�,� �O�T�F�9�-�6�3�,� �P�1�9�,� �a�n�d� �P�1�9�S�1�8�0�1�A�1� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �u�s�i�n�g� �t�h�e� 

�C�h�i�n�e�s�e� �h�a�m�s�t�e�r� �o�v�a�r�y�-�K�1� �(�C�H�O�)� �c�e�l�l� �l�i�n�e� �a�s� �a� �r�e�f�e�r�e�n�c�e� �a�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� 

�(�7�)�.� �T�h�e� �F�9� �c�e�l�l�s� �w�e�r�e� �g�r�o�w�n� �i�n� �D�u�l�b�e�c�c�o� �m�o�d�i�f�i�e�d� �E�a�g�l�e� �m�e�d�i�u�m� �c�o�n�t�a�i�n�i�n�g� 

�1�5�%� �h�e�a�t� �i�n�a�c�t�i�v�a�t�e�d� �f�e�t�a�l� �b�o�v�i�n�e� �s�e�r�u�m� �o�n� �t�i�s�s�u�e� �c�u�l�t�u�r�e� �p�l�a�t�e�s� �c�o�a�t�e�d� �w�i�t�h� �0�.�1�%



�6�1� 

�g�e�l�a�t�i�n�.� �T�h�e� �O�T�F�9�-�6�3�,� �P�1�9�,� �a�n�d� �P�1�9�S�1�8�0�1�A�1� �c�e�l�l�s� �w�e�r�e� �g�r�o�w�n� �i�n� �D�u�l�b�e�c�c�o� 

�m�o�d�i�f�i�e�d� �E�a�g�l�e� �m�e�d�i�u�m� �c�o�n�t�a�i�n�i�n�g� �1�0�%� �f�e�t�a�l� �b�o�v�i�n�e� �s�e�r�u�m�.� �T�h�e� �C�H�O� �c�e�l�l�s� �w�e�r�e� 

�g�r�o�w�n� �i�n� �H�a�m� �F�1�2� �m�e�d�i�u�m� �c�o�n�t�a�i�n�i�n�g� �2�%� �f�e�t�a�l� �b�o�v�i�n�e� �s�e�r�u�m�.� �A� �c�y�t�o�t�o�x�i�c� �u�n�i�t� 

�w�a�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �l�e�a�s�t� �a�m�o�u�n�t� �o�f� �t�o�x�i�n� �t�h�a�t� �c�a�u�s�e�d� �r�o�u�n�d�i�n�g� �o�f� �9�0�%� �o�f� �t�h�e� �c�e�l�l�s� 

�a�f�t�e�r� �1�8� �h�o�u�r�s� �o�f� �e�x�p�o�s�u�r�e� �t�o� �t�h�e� �t�o�x�i�n�.



�6�2� 

�R�E�S�U�L�T�S� 

�O�u�r� �i�n�i�t�i�a�l� �h�y�p�o�t�h�e�s�i�s� �w�a�s� �t�h�a�t� �c�e�l�l� �l�i�n�e�s� �w�h�i�c�h� �e�x�p�r�e�s�s�e�d� �t�h�e� �t�r�i�s�a�c�c�h�a�r�i�d�e� 

�t�o� �w�h�i�c�h� �t�o�x�i�n� �A� �b�i�n�d�s� �w�o�u�l�d� �b�e� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� �t�o�x�i�n� �t�h�a�n� �o�t�h�e�r� �c�e�l�l� �l�i�n�e�s�.� 

�W�e� �c�h�o�s�e� �t�o� �t�e�s�t� �t�h�r�e�e� �m�o�u�s�e� �t�e�r�a�t�o�c�a�r�c�i�n�o�m�a� �c�e�l�l� �l�i�n�e�s� �w�h�i�c�h� �h�a�d� �b�e�e�n� �r�e�p�o�r�t�e�d� 

�t�o� �e�x�p�r�e�s�s� �t�h�i�s� �c�a�r�b�o�h�y�d�r�a�t�e� �s�t�r�u�c�t�u�r�e� �o�n� �t�h�e�i�r� �m�e�m�b�r�a�n�e�s� �(�4�,�6�)�.� �W�e� �c�o�m�p�a�r�e�d� 

�t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �t�h�e�s�e� �c�e�l�l� �l�i�n�e�s� �t�o� �t�h�e� �c�y�t�o�t�o�x�i�c�i�t�y� �o�n� �C�H�O� �c�e�l�l�s�,� �w�h�i�c�h� 

�a�r�e� �n�o�t� �k�n�o�w�n� �t�o� �e�x�p�r�e�s�s� �t�h�i�s� �t�r�i�s�a�c�c�h�a�r�i�d�e�.� �T�o�x�i�n� �A� �w�a�s� �1�0�0�-�f�o�l�d� �m�o�r�e� �a�c�t�i�v�e� �o�n� 

�t�h�e�s�e� �t�h�r�e�e� �c�e�l�l� �l�i�n�e�s� �t�h�a�n� �o�n� �C�H�O� �c�e�l�l�s� �(�F�i�g�u�r�e� �1�)�.� 

�W�e� �a�l�s�o� �t�e�s�t�e�d� �t�h�e� �e�f�f�e�c�t� �o�f� �t�o�x�i�n� �A� �o�n� �a� �s�u�b�c�l�o�n�e� �o�f� �t�h�e� �P�1�9� �c�e�l�l� �l�i�n�e� 

�(�P�1�9�S�1�8�0�1�A�1�)� �w�h�i�c�h� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �e�x�p�r�e�s�s� �l�e�s�s� �o�f� �t�h�e� �t�r�i�s�a�c�c�h�a�r�i�d�e� �t�h�a�n� 

�t�h�e� �o�t�h�e�r� �c�e�l�l� �l�i�n�e�s� �d�o� �(�6�)�.� �T�h�i�s� �c�e�l�l� �l�i�n�e� �w�a�s� �1�6�-�f�o�l�d� �l�e�s�s� �s�e�n�s�i�t�i�v�e� �t�h�a�n� �t�h�e� 

�p�a�r�e�n�t� �P�1�9� �c�e�l�l� �l�i�n�e�.� �T�h�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �f�o�u�r� �o�t�h�e�r� �c�e�l�l� �l�i�n�e�s� �t�o� �t�o�x�i�n� �A� �h�a�s� �b�e�e�n� 

�r�e�p�o�r�t�e�d� �p�r�e�v�i�o�u�s�l�y� �b�y� �D�o�n�t�a� �e�t� �a�l�.� �(�5�)� �(�T�a�b�l�e� �1�)�.� �T�h�e� �Y�1� �c�e�l�l�s� �w�e�r�e� �t�h�e� �m�o�s�t� 

�s�e�n�s�i�t�i�v�e� �o�f� �t�h�e�s�e� �c�e�l�l� �l�i�n�e�s�,� �b�u�t� �t�h�e�y� �a�r�e� �t�e�n� �f�o�l�d� �l�e�s�s� �s�e�n�s�i�t�i�v�e� �t�h�a�n� �t�h�e� �m�o�s�t� 

�s�e�n�s�i�t�i�v�e� �c�e�l�l� �l�i�n�e�s� �r�e�p�o�r�t�e�d� �o�n� �i�n� �t�h�i�s� �p�a�p�e�r�.� 

�A�l�l� �o�f� �t�h�e� �c�e�l�l�s� �w�e� �t�e�s�t�e�d� �r�e�a�c�t�e�d� �t�o� �t�o�x�i�n� �A� �i�n� �t�h�e� �s�a�m�e� �m�a�n�n�e�r� �a�s� �c�e�l�l�s� 

�r�e�a�c�t� �t�o� �t�o�x�i�n� �B�:� �t�h�e�y� �l�o�s�t� �a�l�l� �o�f� �t�h�e�i�r� �d�i�s�t�i�n�c�t�i�v�e� �m�o�r�p�h�o�l�o�g�y� �a�n�d� �b�e�c�a�m�e� �r�o�u�n�d�,� 

�w�i�t�h� �v�e�r�y� �l�i�t�t�l�e� �a�t�t�a�c�h�m�e�n�t� �t�o� �t�h�e� �p�l�a�s�t�i�c�.� �C�e�l�l�s� �t�r�e�a�t�e�d� �w�i�t�h� �t�o�x�i�n� �A� �w�e�r�e� �t�h�u�s� 

�i�n�d�i�s�t�i�n�g�u�i�s�h�a�b�l�e� �o�n� �a� �m�o�r�p�h�o�l�o�g�i�c�a�l� �b�a�s�i�s� �f�r�o�m� �t�h�e� �s�a�m�e� �c�e�l�l�s� �t�r�e�a�t�e�d� �w�i�t�h� �t�o�x�i�n� 

�B�.
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� � � � � � � � � � � � � � �L� �L� �1�.� 

�C�H�O� �F�Q� �O�T�F�9�-�6�3� �P�1�9� �P�1�9�S�1 �� 

�C�e�l�l� �L�i�n�e�s� �B�O�T�A�N� 

� � 
� � 

�F�I�G�U�R�E� �1�.� �C�y�t�o�t�o�x�i�c� �u�n�i�t�s� �(�t�h�e� �l�e�a�s�t� �a�m�o�u�n�t� �o�f� �t�o�x�i�n� �t�o� �c�a�u�s�e� �r�o�u�n�d�i�n�g� �o�f� �9�0�%� 

�o�f� �t�h�e� �t�i�s�s�u�e� �c�u�l�t�u�r�e� �c�e�l�l�s� �a�f�t�e�r� �1�8� �h�o�u�r�s� �o�f� �e�x�p�o�s�u�r�e� �t�o� �t�h�e� �t�o�x�i�n�)� �p�e�r� �m�i�c�r�o�g�r�a�m� 

�o�f� �t�o�x�i�n�.



�T�A�B�L�E� �1�.� �A�c�t�i�v�i�t�i�e�s� �o�f� �t�o�x�i�n�s� �A� �a�n�d� �B� �p�r�e�v�i�o�u�s�l�y� �r�e�p�o�r�t�e�d�?�®� 

� � 

� � 

� � 

�C�e�l�l� �l�i�n�e� �M�i�n�i�m�a�l� �c�y�t�o�t�o�x�i�c� �d�o�s�e� �R�e�f�e�r�e�n�c�e� 

�T�o�x�i�n� �A� �T�o�x�i�n� �B� 
�(�n�g�/�m�l�)� �(�p�g�/�m�l�)� 

�Y�1� �3� �1�.�5� �5� 
�C�H�O� �5�0� �5� �5� 
�H�e�L�a� �2�0�0� �5� �5� 
�M�H�C� �1�3� �5� �5� 
�W�I�-�3�8� �2�0�0� �5� �1�4� 

� � 

�*� �B�e�c�a�u�s�e� �o�f� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �a�s�s�a�y�s� �u�s�e�d� �i�n� �r�e�f�e�r�e�n�c�e� �5�,� 
�a�c�t�i�v�i�t�i�e�s� �o�f� �t�h�e� �t�o�x�i�n�s� �w�e�r�e� �n�o�r�m�a�l�i�z�e�d� �b�y� �u�s�i�n�g� �t�h�e� �C�H�O� �c�e�l�l� 
�l�i�n�e� �a�s� �a� �r�e�f�e�r�e�n�c�e� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �r�e�l�a�t�i�v�e� �s�e�n�s�i�t�i�v�i�t�i�e�s� �o�f� 
�t�h�e� �o�t�h�e�r� �c�e�l�l� �l�i�n�e�s�.� �T�h�i�s� �t�a�b�l�e� �i�s� �l�i�m�i�t�e�d� �t�o� �c�e�l�l� �l�i�n�e�s� �t�h�a�t� 
�w�e�r�e� �a�s�s�a�y�e�d� �f�o�r� �s�e�n�s�i�t�i�v�i�t�y� �t�o� �t�o�x�i�n� �A�.
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�T�A�B�L�E� �2�.� �M�i�n�i�m�a�l� �d�o�s�e� �o�f� �t�o�x�i�n� �A� �r�e�q�u�i�r�e�d� �f�o�r� �p�o�s�i�t�i�v�e� �r�e�a�c�t�i�o�n� 

� � 

� � 

�A�s�s�a�y� �O�r�g�a�n�i�s�m� �M�i�n�i�m�u�m� �d�o�s�e� �(�n�g�)� �R�e�f�e�r�e�n�c�e� 
�o�r� �f�o�r� �p�o�s�i�t�i�v�e� 

�c�e�l�l� �l�i�n�e� �r�e�a�c�t�i�o�n� 

�E�n�t�e�r�o�t�o�x�i�c�i�t�y� �R�a�b�b�i�t� �1�0�0�0� �1�0� 
�L�e�t�h�a�l�i�t�y� �(�L�D�,�,�°� �)� �M�i�c�e� �5�0� �1�1� 
�C�y�t�o�t�o�x�i�c�i�t�y� �C�H�O� �1�0� �1�1� 
�I�n�d�i�r�e�c�t� �E�L�I�S�A�?� �1� �1�2� 
�C�y�t�o�t�o�x�i�c�i�t�y� �F�9�,�O�T�F�9�-�6�3�,� �o�r� �P�1�9� �0�.�1� �T�h�i�s� �a�r�t�i�c�l�e� 
� 
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�D�I�S�C�U�S�S�I�O�N� 

�O�u�r� �r�e�s�u�l�t�s� �s�u�p�p�o�r�t� �m�y� �i�n�i�t�i�a�l� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �c�e�l�l� �l�i�n�e�s� �w�h�i�c�h� �e�x�p�r�e�s�s� �t�h�e� 

�t�r�i�s�a�c�c�h�a�r�i�d�e� �(�4�,�6�)� �t�o� �w�h�i�c�h� �t�o�x�i�n� �A� �b�i�n�d�s� �(�3�,�9�)� �w�i�l�l� �b�e� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� �t�o�x�i�n� 

�t�h�a�n� �o�t�h�e�r� �c�e�l�l� �l�i�n�e�s�.� �T�h�e� �f�a�c�t� �t�h�a�t� �a� �s�u�b�c�l�o�n�e� �o�f� �o�n�e� �o�f� �t�h�e�s�e� �c�e�l�l� �l�i�n�e�s� �w�h�i�c�h� 

�e�x�p�r�e�s�s�e�s� �l�e�s�s� �o�f� �t�h�i�s� �t�r�i�s�a�c�c�h�a�r�i�d�e� �w�a�s� �e�i�g�h�t�-�f�o�l�d� �l�e�s�s� �s�e�n�s�i�t�i�v�e� �t�h�a�n� �t�h�e� �p�a�r�e�n�t� 

�c�l�o�n�e� �a�l�s�o� �s�t�r�e�n�g�t�h�e�n�s� �t�h�i�s� �a�r�g�u�m�e�n�t�.� �T�h�i�s� �i�s� �n�o�t� �p�r�o�o�f� �t�h�a�t� �t�h�i�s� �t�r�i�s�a�c�c�h�a�r�i�d�e� �i�s� �a� 

�f�u�n�c�t�i�o�n�a�l� �r�e�c�e�p�t�o�r� �f�o�r� �t�h�e� �t�o�x�i�n�,� �b�u�t� �i�t� �i�s� �s�u�g�g�e�s�t�i�v�e�;� �c�o�n�s�i�d�e�r�a�b�l�y� �m�o�r�e� �w�o�r�k� �w�i�l�l� 

�h�a�v�e� �t�o� �b�e� �d�o�n�e� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�h�i�s� �i�s� �t�h�e� �c�a�s�e�,� �a�n�d� �w�e� �a�r�e� �n�o�w� �i�n�v�o�l�v�e�d� �i�n� �t�h�i�s� 

�i�n�v�e�s�t�i�g�a�t�i�o�n�.� 

�T�h�e� �i�n�c�r�e�a�s�e� �i�n� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �i�n� �t�h�e�s�e� �c�e�l�l� �l�i�n�e�s� �w�i�t�h� �n�o� 

�i�n�c�r�e�a�s�e� �i�n� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �B� �d�e�m�o�n�s�t�r�a�t�e�s� �t�h�a�t� �t�o�x�i�n� �A� �d�e�f�i�n�i�t�e�l�y� �h�a�s� �a� 

�c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y�.� �T�h�e� �c�y�t�o�t�o�x�i�c� �r�e�s�p�o�n�s�e� �o�f� �c�e�l�l�s� �t�o� �t�o�x�i�n� �A� �a�p�p�e�a�r� �t�o� �b�e� �v�e�r�y� 

�s�i�m�i�l�a�r� �i�f� �n�o�t� �i�d�e�n�t�i�c�a�l� �t�o� �t�h�e� �r�e�s�p�o�n�s�e�s� �t�o� �t�o�x�i�n� �B�.� �T�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �a�c�t�i�o�n� �o�f� 

�t�h�e�s�e� �t�o�x�i�n�s� �h�a�s� �n�o�t� �b�e�e�n� �d�e�f�i�n�e�d� �a�t� �t�h�e� �m�o�l�e�c�u�l�a�r� �l�e�v�e�l�,� �s�o� �t�h�e�r�e� �i�s� �c�u�r�r�e�n�t�l�y� �n�o� 

�w�a�y� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �t�h�e�s�e� �t�o�x�i�n�s� �h�a�v�e� �t�h�e� �s�a�m�e� �e�n�z�y�m�a�t�i�c� �m�e�c�h�a�n�i�s�m� �o�f� 

�a�c�t�i�o�n�.� �W�e� �b�e�l�i�e�v�e� �t�h�a�t� �t�h�e� �e�n�t�e�r�o�t�o�x�i�c�i�t�y� �o�f� �t�o�x�i�n� �A� �c�o�u�l�d� �b�e� �t�h�e� �r�e�s�u�l�t� �o�f� �t�h�e� 

�s�a�m�e� �c�y�t�o�t�o�x�i�c� �r�e�s�p�o�n�s�e� �t�h�a�t� �w�e� �r�e�p�o�r�t� �h�e�r�e�.� �T�h�e� �e�n�t�e�r�o�t�o�x�i�c�i�t�y� �c�o�u�l�d� �r�e�s�u�l�t� �f�r�o�m� 

�d�i�s�o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �c�e�l�l�s� �i�n� �t�h�e� �b�r�u�s�h� �b�o�r�d�e�r�,� �w�h�i�c�h� �w�o�u�l�d� �a�l�l�o�w� �s�e�r�u�m� �p�r�o�t�e�i�n�s� 

�a�n�d� �f�l�u�i�d�s� �t�o� �p�a�s�s� �i�n�t�o� �t�h�e� �l�u�m�e�n�.� 

�T�h�e� �c�e�l�l� �l�i�n�e�s� �w�e� �t�e�s�t�e�d� �s�h�o�u�l�d� �p�r�o�v�e� �u�s�e�f�u�l� �t�o� �i�n�v�e�s�t�i�g�a�t�o�r�s� �w�h�o� �d�e�s�i�r�e� �t�o� 

�d�e�t�e�r�m�i�n�e� �l�e�v�e�l�s� �o�f� �b�i�o�l�o�g�i�c�a�l�l�y� �a�c�t�i�v�e� �t�o�x�i�n� �A�.� �T�h�e�s�e� �c�e�l�l�s� �a�r�e� �m�u�c�h� �m�o�r�e� 

�s�e�n�s�i�t�i�v�e� �t�h�a�n� �t�h�e� �r�a�b�b�i�t� �i�l�e�a�l� �l�o�o�p� �t�e�s�t� �f�o�r� �e�n�t�e�r�o�t�o�x�i�c�i�t�y� �a�n�d� �a�r�e� �m�o�r�e� �s�e�n�s�i�t�i�v�e� 

�t�h�a�n� �t�h�e� �e�n�z�y�m�e� �l�i�n�k�e�d� �i�m�m�u�n�o�s�o�r�b�e�n�t� �a�s�s�a�y� �w�h�i�c�h� �o�u�r� �l�a�b�o�r�a�t�o�r�y� �p�r�e�v�i�o�u�s�l�y



�6�7� 

�u�s�e�d� �t�o� �d�e�t�e�c�t� �t�o�x�i�n� �A� �(�T�a�b�l�e� �2�)�.� �T�h�e� �c�y�t�o�t�o�x�i�c�i�t�y� �a�s�s�a�y�,� �w�h�e�n� �p�e�r�f�o�r�m�e�d� �w�i�t�h� 

�a�n�y� �o�f� �t�h�e�s�e� �t�h�r�e�e� �c�e�l�l� �l�i�n�e�s�,� �i�s� �t�h�e� �m�o�s�t� �s�e�n�s�i�t�i�v�e� �t�e�s�t� �f�o�r� �t�h�e� �t�o�x�i�n� �t�h�u�s� �f�a�r� 

�r�e�p�o�r�t�e�d�.� �T�h�e� �c�y�t�o�t�o�x�i�c�i�t�y� �t�e�s�t� �f�o�r� �t�o�x�i�n� �B� �i�s� �a�l�s�o� �t�h�e� �m�o�s�t� �s�e�n�s�i�t�i�v�e� �m�e�t�h�o�d� 

�a�v�a�i�l�a�b�l�e� �f�o�r� �d�e�t�e�c�t�i�n�g� �t�h�i�s� �t�o�x�i�n�.� �T�h�e� �c�y�t�o�t�o�x�i�c�i�t�y� �t�e�s�t� �f�o�r� �t�o�x�i�n� �B� �i�s� �a�b�o�u�t� �1�0�0�-� 

�f�o�l�d� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�h�a�n� �t�h�e� �t�o�x�i�n� �A� �c�y�t�o�t�o�x�i�c�i�t�y� �t�e�s�t� �w�h�e�n� �t�h�e�s�e� �m�o�r�e� �s�e�n�s�i�t�i�v�e� 

�c�e�l�l� �l�i�n�e�s� �a�r�e� �u�s�e�d�;� �t�h�u�s�,� �t�h�e� �c�y�t�o�t�o�x�i�c�i�t�y� �o�f� �t�o�x�i�n� �B� �w�o�u�l�d� �s�t�i�l�l� �m�a�s�k� �t�h�e� �e�f�f�e�c�t� �o�f� 

�t�o�x�i�n� �A� �u�n�l�e�s�s� �s�p�e�c�i�f�i�c� �a�n�t�i�b�o�d�y� �i�s� �u�s�e�d� �t�o� �n�e�u�t�r�a�l�i�z�e� �t�o�x�i�n� �B�.� 

�T�h�e� �c�y�t�o�t�o�x�i�c�i�t�y� �a�s�s�a�y� �f�o�r� �t�o�x�i�n� �B� �i�n� �f�e�c�e�s� �i�s� �t�h�e� �s�t�a�n�d�a�r�d� �t�o� �w�h�i�c�h� �o�t�h�e�r� 

�m�e�t�h�o�d�s� �f�o�r� �d�i�a�g�n�o�s�e�s� �o�f� �C�.� �d�i�f�f�i�c�i�l�e� �c�o�l�i�t�i�s� �a�r�e� �c�o�m�p�a�r�e�d�.� �T�o�x�i�n� �B� �d�o�e�s� �n�o�t� 

�i�n�i�t�i�a�t�e� �t�h�e� �d�i�a�r�r�h�e�a� �a�n�d� �c�o�l�i�t�i�s� �a�n�d�,� �i�n� �f�a�c�t�,� �h�a�s� �n�o� �e�f�f�e�c�t� �o�n� �n�o�r�m�a�l� �i�n�t�e�s�t�i�n�a�l� 

�m�u�c�o�s�a�.� �A�s�s�a�y�i�n�g� �f�o�r� �t�o�x�i�n� �B� �i�s� �u�s�e�f�u�l� �b�e�c�a�u�s�e� �a� �p�o�s�i�t�i�v�e� �t�e�s�t� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �b�o�t�h� 

�t�o�x�i�n�s� �a�r�e� �p�r�e�s�e�n�t�.� �F�r�o�m� �a�b�o�u�t� �1�5�0� �i�s�o�l�a�t�e�s�,� �o�u�r� �l�a�b�o�r�a�t�o�r�y� �h�a�s� �n�e�v�e�r� �f�o�u�n�d� �a� 

�c�a�s�e� �o�f� �a� �s�t�r�a�i�n� �p�r�o�d�u�c�i�n�g� �t�o�x�i�n� �B� �w�i�t�h�o�u�t� �a�l�s�o� �p�r�o�d�u�c�i�n�g� �t�o�x�i�n� �A�,� �a�n�d� �i�n� �g�e�n�e�r�a�l� 

�a�b�o�u�t� �e�q�u�a�l� �a�m�o�u�n�t�s� �o�f� �b�o�t�h� �t�o�x�i�n�s� �a�r�e� �p�r�o�d�u�c�e�d� �i�n� �c�u�l�t�u�r�e� �m�e�d�i�a�.� �B�e�c�a�u�s�e� �o�f� 

�t�h�e� �l�a�c�k� �o�f� �s�e�n�s�i�t�i�v�e� �t�e�s�t�s� �f�o�r� �a�c�t�i�v�e� �t�o�x�i�n� �A�,� �t�h�e�r�e� �h�a�v�e� �n�o�t� �b�e�e�n� �a�n�y� �s�t�u�d�i�e�s� �o�f� 

�t�h�e� �l�e�v�e�l�s� �o�f� �a�c�t�i�v�e� �t�o�x�i�n� �A� �v�e�r�s�u�s� �l�e�v�e�l�s� �o�f� �a�c�t�i�v�e� �t�o�x�i�n� �B� �i�n� �t�h�e� �f�e�c�e�s� �o�f� �p�a�t�i�e�n�t�s�.� 

�T�h�e� �t�i�s�s�u�e� �c�u�l�t�u�r�e� �c�e�l�l� �l�i�n�e�s� �w�e� �d�e�s�c�r�i�b�e� �h�e�r�e� �c�o�u�l�d� �b�e� �u�s�e�d� �f�o�r� �s�u�c�h� 

�d�e�t�e�r�m�i�n�a�t�i�o�n�s�.� �I�f� �t�h�e�s�e� �s�t�u�d�i�e�s� �s�h�o�w�e�d� �t�h�a�t� �t�h�e� �l�e�v�e�l�s� �o�f� �a�c�t�i�v�e� �t�o�x�i�n� �A� 

�c�o�r�r�e�l�a�t�e�d� �b�e�t�t�e�r� �w�i�t�h� �t�h�e� �c�l�i�n�i�c�a�l� �c�o�u�r�s�e� �o�f� �t�h�e� �p�a�t�i�e�n�t� �t�h�a�n� �d�i�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� 

�t�o�x�i�n� �B�,� �t�h�e�n� �a�s�s�a�y�s� �f�o�r� �t�o�x�i�n� �A� �c�o�u�l�d� �b�e� �d�e�v�e�l�o�p�e�d� �f�o�r� �r�o�u�t�i�n�e� �u�s�e� �i�n� �c�l�i�n�i�c�a�l� 
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�c�a�r�b�o�h�y�d�r�a�t�e�.� �I� �s�t�u�d�i�e�d� �t�h�e� �r�o�l�e� �o�f� �G�a�l� �1�-�3�G�a�l�8�1�-�4�G�I�c�N�A�c� �i�n� �t�h�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� 

�t�h�e� �F�9� �c�e�l�l� �l�i�n�e� �t�o� �t�o�x�i�n� �A�,� �a�n�d� �p�r�o�v�i�d�e� �e�v�i�d�e�n�c�e� �t�h�a�t� �G�a�l� �1�-�3�G�a�l�B�1�-�4�G�I�c�N�A�c� 

�a�c�t�s� �a�s� �a� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�c�e�p�t�o�r� �f�o�r� �t�o�x�i�n� �A� �o�n� �t�h�e� �F�9� �c�e�l�l�s�.
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�I�N�T�R�O�D�U�C�T�I�O�N� 

�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�s� �t�h�e� �c�a�u�s�e� �o�f� �p�s�e�u�d�o�m�e�m�b�r�a�n�o�u�s� �c�o�l�i�t�i�s� �i�n� �h�u�m�a�n�s� 

�a�n�d� �i�l�e�o�c�e�c�i�t�i�s� �i�n� �h�a�m�s�t�e�r�s�.� �T�h�i�s� �m�i�c�r�o�o�r�g�a�n�i�s�m� �c�a�n� �c�o�l�o�n�i�z�e� �t�h�e� �i�n�t�e�s�t�i�n�e�s� �a�f�t�e�r� 

�a�n�t�i�b�i�o�t�i�c� �t�h�e�r�a�p�y� �h�a�s� �d�i�s�r�u�p�t�e�d� �t�h�e� �n�o�r�m�a�l� �i�n�t�e�s�t�i�n�a�l� �m�i�c�r�o�f�l�o�r�a�.� �I�n� �t�h�e� �i�n�t�e�s�t�i�n�e�s� 

�C�.� �d�i�f�f�i�c�i�l�e� �p�r�o�d�u�c�e�s� �t�w�o� �p�o�t�e�n�t� �c�y�t�o�t�o�x�i�n�s�,� �d�e�s�i�g�n�a�t�e�d� �t�o�x�i�n� �A� �a�n�d� �t�o�x�i�n� �B�.� �T�o�x�i�n� 

�B� �d�o�e�s� �n�o�t� �a�p�p�e�a�r� �t�o� �b�e� �t�o�x�i�c� �t�o� �i�n�t�a�c�t� �i�n�t�e�s�t�i�n�a�l� �m�u�c�o�s�a�,� �w�h�e�r�e�a�s� �t�o�x�i�n� �A� �c�a�u�s�e�s� 

�e�x�t�e�n�s�i�v�e� �t�i�s�s�u�e� �d�a�m�a�g�e� �t�o� �i�n�t�e�s�t�i�n�a�l� �m�u�c�o�s�a� �(�1�,� �1�4�,� �1�6�,� �2�0�,� �2�6�)�.� �T�h�i�s� �t�i�s�s�u�e� 

�d�a�m�a�g�e� �c�a�u�s�e�d� �b�y� �t�o�x�i�n� �A� �d�e�s�t�r�o�y�s� �t�h�e� �n�o�r�m�a�l� �p�e�r�m�e�a�b�i�l�i�t�y� �b�a�r�r�i�e�r� �f�o�r�m�e�d� �b�y� �t�h�e� 

�i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m� �s�o� �t�h�a�t� �b�o�d�y� �f�l�u�i�d�s� �s�e�e�p� �i�n�t�o� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �l�u�m�e�n� �r�e�s�u�l�t�i�n�g� �i�n� 

�d�i�a�r�r�h�e�a� �(�1�1�,� �1�4�)�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �d�i�s�r�u�p�t�i�o�n� �o�f� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m� �a�l�l�o�w�s� 

�t�o�x�i�n� �B� �t�o� �e�x�e�r�t� �i�t�s� �t�o�x�i�c� �a�c�t�i�v�i�t�i�e�s� �(�1�7�)�.� �T�h�e�r�e�f�o�r�e� �t�o�x�i�n� �A� �i�s� �b�e�l�i�e�v�e�d� �t�o� �b�e� 

�r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �i�n�i�t�i�a�l� �p�a�t�h�o�l�o�g�y� �i�n� �t�h�e� �d�i�a�r�r�h�e�a�l� �d�i�s�e�a�s�e� �c�a�u�s�e�d� �b�y� �C�.� �d�i�f�f�i�c�i�l�e�.� 

�B�e�f�o�r�e� �a� �t�o�x�i�n� �c�a�n� �e�x�e�r�t� �i�t�s� �t�o�x�i�c� �e�f�f�e�c�t� �o�n� �a� �c�e�l�l�,� �i�t� �m�u�s�t� �b�i�n�d� �t�o� �i�t�s� 

�p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�c�e�p�t�o�r� �o�n� �t�h�e� �c�e�l�l�.� �A� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�c�e�p�t�o�r� �h�a�s� �b�e�e�n� �d�e�s�c�r�i�b�e�d� 

�B�y� �E�i�d�e�l�s� �e�t� �a�l�.� �(�6�)� �a�s� �"�t�h�e� �b�i�n�d�i�n�g� �c�o�m�p�o�n�e�n�t� �o�n� �t�h�e� �c�e�l�l� �s�u�r�f�a�c�e� �t�h�a�t� �i�s� �i�n�v�o�l�v�e�d� 

�i�n� �t�h�e� �i�n�i�t�i�a�l� �s�t�e�p� �w�h�i�c�h� �u�l�t�i�m�a�t�e�l�y� �l�e�a�d�s� �t�o� �t�h�e� �p�r�o�d�u�c�t�i�v�e� �e�x�p�r�e�s�s�i�o�n� �o�f� �t�h�e� 

�t�o�x�i�c�i�t�y� �o�f� �a� �p�a�r�t�i�c�u�l�a�r� �t�o�x�i�n�.�"� �T�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� �s�e�q�u�e�n�c�e� �G�a�l� �1�-�3�G�a�l�8�1�-� 

�4�G�I�c�N�A�c� �i�s� �a� �b�i�n�d�i�n�g� �c�o�m�p�o�n�e�n�t� �o�n� �c�e�l�l� �m�e�m�b�r�a�n�e�s� �f�o�r� �t�o�x�i�n� �A� �(�3�,� �1�2�,� �1�3�)�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �t�o�x�i�n� �A� �b�i�n�d�s� �t�o� �t�h�i�s� �c�a�r�b�o�h�y�d�r�a�t�e� �o�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m� �o�f� 

�h�a�m�s�t�e�r�s� �(�1�3�)�,� �b�u�t� �i�t� �h�a�s� �n�o�t� �b�e�e�n� �p�r�o�v�e�n� �t�o� �b�e� �a� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�c�e�p�t�o�r� �f�o�r� �t�o�x�i�n� 

�A�.� �I�n� �t�h�i�s� �r�e�p�o�r�t�,� �I� �p�r�e�s�e�n�t� �e�v�i�d�e�n�c�e� �t�h�a�t� �G�a�l�e� �1�-�3�G�a�l�B�1�-�4�G�l�c�N�A�c� �c�a�n� �b�e� �a� 

�p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�c�e�p�t�o�r� �f�o�r� �t�o�x�i�n� �A�.
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�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�T�o�x�i�n� �p�r�e�p�a�r�a�t�i�o�n�:� �C�.� �d�i�f�f�i�c�i�l�e� �V�P�I� �1�0�4�6�3� �w�a�s� �g�r�o�w�n� �i�n� �d�i�a�l�y�s�i�s� �f�l�a�s�k�s� �(�2�4�)� 

�c�o�n�t�a�i�n�i�n�g� �b�r�a�i�n� �h�e�a�r�t� �i�n�f�u�s�i�o�n�.� �T�o�x�i�n� �A� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �a�f�f�i�n�i�t�y� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� 

�u�s�i�n�g� �i�m�m�o�b�i�l�i�z�e�d� �b�o�v�i�n�e� �t�h�y�r�o�g�l�o�b�u�l�i�n� �(�1�2�)�.� �T�h�e� �p�u�r�i�t�y� �o�f� �t�h�e� �t�o�x�i�n� �w�a�s� 

�d�e�m�o�n�s�t�r�a�t�e�d� �b�y� �c�r�o�s�s�e�d� �i�m�m�u�n�o�e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �a�n�d� �p�o�l�y�a�c�r�y�l�a�m�i�d�e� �g�e�l� 

�e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �a�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �(�1�9�)�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�o�x�i�n� �A� �w�a�s� 

�e�s�t�i�m�a�t�e�d� �b�y� �t�h�e� �m�e�t�h�o�d� �o�f� �B�r�a�d�f�o�r�d� �(�2�)� �u�s�i�n�g� �b�o�v�i�n�e� �g�a�m�m�a� �g�l�o�b�u�l�i�n� �a�s� �a� 

�s�t�a�n�d�a�r�d�.� 

�C�e�l�l� �l�i�n�e�s�:� �T�h�e� �O�T�F�9�-�6�3�,� �P�1�9�,� �P�1�9�S�1�8�0�1�A�1�,� �a�n�d� �P�A�1� �c�e�l�l� �l�i�n�e�s� �w�e�r�e� �m�a�i�n�t�a�i�n�e�d� 

�i�n� �D�u�l�b�e�c�c�o� �m�o�d�i�f�i�e�d� �E�a�g�l�e� �m�e�d�i�u�m� �c�o�n�t�a�i�n�i�n�g� �1�0�%� �h�e�a�t�-�i�n�a�c�t�i�v�a�t�e�d� �f�e�t�a�l� �b�o�v�i�n�e� 

�s�e�r�u�m�.� �T�h�e� �F�9� �c�e�l�l�s� �w�e�r�e� �g�r�o�w�n� �i�n� �D�u�l�b�e�c�c�o� �m�o�d�i�f�i�e�d� �E�a�g�l�e� �m�e�d�i�u�m� �c�o�n�t�a�i�n�i�n�g� 

�1�5�%� �h�e�a�t�-�i�n�a�c�t�i�v�a�t�e�d� �f�e�t�a�l� �b�o�v�i�n�e� �s�e�r�u�m� �o�n� �t�i�s�s�u�e� �c�u�l�t�u�r�e� �p�l�a�t�e�s� �c�o�a�t�e�d� �w�i�t�h� �0�.�1�%� 

�g�e�l�a�t�i�n�.� �C�H�O� �c�e�l�l�s� �w�e�r�e� �g�r�o�w�n� �i�n� �H�a�m� �F�1�2� �m�e�d�i�u�m� �c�o�n�t�a�i�n�i�n�g� �2�%� �h�e�a�t�-� 

�i�n�a�c�t�i�v�a�t�e�d� �f�e�t�a�l� �b�o�v�i�n�e� �s�e�r�u�m�.� �C�e�l�l�s� �w�e�r�e� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �t�i�s�s�u�e� �c�u�l�t�u�r�e� �p�l�a�t�e�s� 

�w�i�t�h� �e�i�t�h�e�r� �0�.�2�5�%� �t�r�y�p�s�i�n� �i�n� �H�a�n�k�s� �b�a�l�a�n�c�e�d� �s�a�l�t� �s�o�l�u�t�i�o�n� �(�P�1�9�,� �P�1�9�S�1�8�0�1�A�1�,� 

�P�A�1�,� �a�n�d� �C�H�O�)� �o�r� �w�i�t�h� �2� �m�M� �E�D�T�A� �i�n� �H�a�n�k�s� �b�a�l�a�n�c�e�d� �s�a�l�t� �s�o�l�u�t�i�o�n� �w�i�t�h� �2�%� 

�h�e�a�t�-�i�n�a�c�t�i�v�a�t�e�d� �f�e�t�a�l� �b�o�v�i�n�e� �s�e�r�u�m� �(�F�9� �a�n�d� �O�T�F�9�-�6�3�)�.� �A�l�l� �c�e�l�l�s� �w�e�r�e� �g�r�o�w�n� �i�n� 

�a�n� �a�t�m�o�s�p�h�e�r�e� �o�f� �5�%� �C�O�,� �a�t� �3�7�C�.� 

�A�n�t�i�b�o�d�i�e�s�:� �P�C�G�-�4�,� �a�n� �I�g�G�2�a� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �t�o� �t�o�x�i�n� �A� �(�1�5�)�,� �w�a�s� �p�u�r�i�f�i�e�d� 

�f�r�o�m� �a�s�c�i�t�e�s� �f�l�u�i�d� �w�i�t�h� �i�m�m�o�b�i�l�i�z�e�d� �p�r�o�t�e�i�n� �A�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �P�C�G�-�4� �w�a�s� 

�e�s�t�i�m�a�t�e�d� �b�y� �t�h�e� �m�e�t�h�o�d� �o�f� �B�r�a�d�f�o�r�d� �(�2�)� �u�s�i�n�g� �b�o�v�i�n�e� �g�a�m�m�a� �g�l�o�b�u�l�i�n� �a�s� �t�h�e
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�s�t�a�n�d�a�r�d�.� �A�n� �I�g�G�2�a� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �(�U�P�C�-�1�0�,� �S�i�g�m�a� �C�h�e�m�i�c�a�l� �C�o�.�,� �S�t�.� 

�L�o�u�i�s�,� �M�o�.�)� �w�a�s� �u�s�e�d� �a�s� �a� �n�e�u�t�r�a�l� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y�.� 

�C�y�t�o�t�o�x�i�c�i�t�y� �a�s�s�a�y�:� �A�l�l� �a�s�s�a�y�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �l�e�a�s�t� �t�h�r�e�e� �t�i�m�e�s�,� �w�i�t�h� 

�r�e�p�r�e�s�e�n�t�a�a�t�i�v�e� �r�e�s�u�l�t�s� �b�e�i�n�g� �r�e�p�o�r�t�e�d� �i�n� �t�h�i�s� �p�a�p�e�r�.� �C�y�t�o�t�o�x�i�c�i�t�y� �a�s�s�a�y�s� �w�e�r�e� 

�p�e�r�f�o�r�m�e�d� �i�n� �9�6� �w�e�l�l� �m�i�c�r�o�t�i�t�e�r� �t�i�s�s�u�e� �c�u�l�t�u�r�e� �p�l�a�t�e�s� �a�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �(�2�5�)�.� 

�B�r�i�e�f�l�y�,� �c�e�l�l�s� �w�e�r�e� �p�l�a�t�e�d� �a�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0�0�0� �c�e�l�l�s� �p�e�r� �w�e�l�l� �i�n� �0�.�1�8� �m�l� �o�f� �t�h�e� 

�m�e�d�i�a�.� �C�e�l�l�s� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �a�t�t�a�c�h� �f�o�r� �a�t� �l�e�a�s�t� �1�8� �h�o�u�r�s� �b�e�f�o�r�e� �a�d�d�i�t�i�o�n�a�l� 

�r�e�a�g�e�n�t�s� �w�e�r�e� �a�d�d�e�d�.� �F�o�r� �a�l�l� �c�y�t�o�t�o�x�i�c�i�t�y� �a�s�s�a�y�s�,� �t�o�x�i�n� �A� �w�a�s� �s�e�r�i�a�l�l�y� �d�i�l�u�t�e�d� �1�:�2� 

�i�n� �D�u�l�b�e�c�c�o� �m�o�d�i�f�i�e�d� �E�a�g�l�e� �m�e�d�i�u�m� �c�o�n�t�a�i�n�i�n�g� �1�0�%� �h�e�a�t�-�i�n�a�c�t�i�v�a�t�e�d� �f�e�t�a�l� �b�o�v�i�n�e� 

�s�e�r�u�m�,� �a�n�d� �0�.�0�2� �m�l� �o�f� �t�h�i�s� �s�t�o�c�k� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �w�e�l�l�s� �o�f� �t�h�e� �m�i�c�r�o�t�i�t�e�r� �p�l�a�t�e�.� �A� 

�c�y�t�o�t�o�x�i�c� �u�n�i�t� �w�a�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �l�e�a�s�t� �a�m�o�u�n�t� �o�f� �t�o�x�i�n� �A� �t�h�a�t� �c�a�u�s�e�d� �r�o�u�n�d�i�n�g� �o�f� 

�a�t� �l�e�a�s�t� �9�0�%� �o�f� �t�h�e� �c�e�l�l�s� �i�n� �a� �m�i�c�r�o�t�i�t�e�r� �w�e�l�l� �a�f�t�e�r� �1�8� �h�o�u�r�s� �o�f� �e�x�p�o�s�u�r�e� �t�o� �t�h�e� 

�t�o�x�i�n�.� �T�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �a� �g�i�v�e�n� �c�e�l�l� �l�i�n�e�,� �o�r� �w�i�t�h� �a� �g�i�v�e�n� �t�r�e�a�t�m�e�n�t�,� �w�a�s� 

�r�e�p�o�r�t�e�d� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �F�9� �c�e�l�l�s�.� �T�h�i�s� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �b�y� 

�d�i�v�i�d�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �c�y�t�o�t�o�x�i�c�i�t�y� �u�n�i�t�s� �p�e�r� �u�g� �o�f� �t�o�x�i�n� �A� �o�n� �a� �g�i�v�e�n� �c�e�l�l� �l�i�n�e� �b�y� 

�t�h�e� �n�u�m�b�e�r� �o�f� �c�y�t�o�t�o�x�i�c�i�t�y� �u�n�i�t�s� �p�e�r� �»�g� �o�f� �t�o�x�i�n� �A� �o�n� �F�9� �c�e�l�l�s�,� �t�h�e�n� �m�u�l�t�i�p�l�y�i�n�g� �b�y� 

�1�0�0�.� 

�C�e�l�l� �t�r�e�a�t�m�e�n�t�s�:� �A�l�l� �a�s�s�a�y�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �l�e�a�s�t� �t�h�r�e�e� �t�i�m�e�s�,� �w�i�t�h� 

�r�e�p�r�e�s�e�n�t�a�t�i�v�e� �r�e�s�u�l�t�s� �f�r�o�m� �a� �s�i�n�g�l�e� �e�x�p�e�r�i�m�e�n�t� �b�e�i�n�g� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�i�s� �p�a�p�e�r�.� 

�(�i�)� �t�u�n�i�c�a�m�y�c�i�n�:� �P�A�1�,� �C�H�O� �a�n�d� �F�9� �c�e�l�l�s� �w�e�r�e� �t�r�e�a�t�e�d� �w�i�t�h� 

�t�u�n�i�c�a�m�y�c�i�n� �b�y� �r�e�p�l�a�c�i�n�g� �t�h�e� �o�r�i�g�i�n�a�l� �m�e�d�i�a� �w�i�t�h� �m�e�d�i�a� �c�o�n�t�a�i�n�i�n�g� �t�u�n�i�c�a�m�y�c�i�n



�7�6� 

�(�S� �u�g�/�m�l�)�.� �T�h�e� �c�e�l�l�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �f�o�r� �1�2� �h�o�u�r�s�,� �t�h�e�n� �s�e�r�i�a�l�l�y� �d�i�l�u�t�e�d� �t�o�x�i�n� �w�a�s� 

�a�d�d�e�d� �t�o� �t�h�e� �p�l�a�t�e�.� �T�o� �c�o�n�t�r�o�l� �f�o�r� �t�h�e� �e�f�f�e�c�t� �o�f� �t�u�n�i�c�a�m�y�c�i�n� �o�n� �t�o�x�i�n� �A�,� �t�h�e� 

�m�e�d�i�a� �i�n� �a� �s�e�c�o�n�d� �s�e�t� �o�f� �w�e�l�l�s� �c�o�n�t�a�i�n�i�n�g� �t�u�n�i�c�a�m�y�c�i�n� �w�a�s� �r�e�p�l�a�c�e�d� �w�i�t�h� �n�o�r�m�a�l� 

�m�e�d�i�a� �b�e�f�o�r�e� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �t�h�e� �t�o�x�i�n�.� �T�h�e�s�e� �p�l�a�t�e�s� �w�e�r�e� �r�e�a�d� �8� �h�o�u�r�s� �a�f�t�e�r� �t�h�e� 

�a�d�d�i�t�i�o�n� �o�f� �t�o�x�i�n�.� 

�(�i�i�)� �l�e�c�t�i�n�:� �F�o�u�r� �y�g� �o�f� �t�h�e� �l�e�c�t�i�n�s� �G�S�1�-�B�,� �o�r� �D�B�A� �w�e�r�e� �a�d�d�e�d� �t�o� 

�t�h�e� �t�e�s�t� �w�e�l�l�s� �o�f� �a� �9�6� �w�e�l�l� �p�l�a�t�e� �c�o�n�t�a�i�n�i�n�g� �e�i�t�h�e�r� �C�H�O�,� �P�A�1� �o�r� �F�9� �c�e�l�l�s�.� �A�s� �a� 

�c�o�n�t�r�o�l�,� �c�e�l�l�s� �n�o�t� �t�r�e�a�t�e�d� �w�i�t�h� �a� �l�e�c�t�i�n� �w�e�r�e� �a�l�s�o� �e�x�p�o�s�e�d� �t�o� �t�o�x�i�n� �A�.� �T�h�e� �c�u�l�t�u�r�e�s� 

�w�e�r�e� �i�n�c�u�b�a�t�e�d� �f�o�r� �f�i�v�e� �m�i�n�u�t�e�s�,� �t�h�e�n� �t�h�e� �s�e�r�i�a�l�l�y� �d�i�l�u�t�e�d� �t�o�x�i�n� �A� �w�a�s� �a�d�d�e�d� �t�o� 

�t�h�e� �w�e�l�l�s�.� �A�f�t�e�r� �a� �f�i�v�e� �m�i�n�u�t�e� �i�n�c�u�b�a�t�i�o�n� �p�e�r�i�o�d�,� �a�l�l� �t�h�e� �m�e�d�i�a� �w�a�s� �r�e�m�o�v�e�d� �a�n�d� 

�t�h�e� �c�e�l�l�s� �w�e�r�e� �w�a�s�h�e�d� �t�w�i�c�e� �w�i�t�h� �0�.�2� �m�l� �o�f� �m�e�d�i�a�.� �T�h�e�n� �0�.�2� �m�l� �o�f� �m�e�d�i�a� �w�a�s� 

�a�d�d�e�d� �b�a�c�k� �t�o� �e�a�c�h� �w�e�l�l� �a�n�d� �t�h�e� �c�y�t�o�t�o�x�i�c� �e�f�f�e�c�t� �w�a�s� �r�e�a�d� �a�f�t�e�r� �1�8� �h�o�u�r�s�.� 

�(�i�i�i�)� �M�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y�:� �S�e�r�i�a�l�l�y� �d�i�l�u�t�e�d� �t�o�x�i�n� �A� �w�a�s� �m�i�x�e�d� 

�1�:�1� �w�i�t�h� �e�i�t�h�e�r� �a� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �t�o� �t�o�x�i�n� �A� �(�P�C�G�-�4�)� �o�r� �n�e�u�t�r�a�l� �a� �I�g�G�2�a� 

�(�U�P�C�-�1�0�)� �t�o� �y�i�e�l�d� �a� �f�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �0�.�4� �m�g� �I�g�G� �p�e�r� �m�l�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� 

�i�n�c�u�b�a�t�e�d� �f�o�r� �3�0� �m�i�n�u�t�e�s� �b�e�f�o�r�e� �b�e�i�n�g� �a�d�d�e�d� �t�o� �c�u�l�t�u�r�e� �w�e�l�l�s� �c�o�n�t�a�i�n�i�n�g� �e�i�t�h�e�r� 

�C�H�O�,� �P�A�1�,� �o�r� �F�9� �c�e�l�l�s�.� �T�h�e� �c�y�t�o�t�o�x�i�c� �e�f�f�e�c�t� �w�a�s� �r�e�a�d� �a�f�t�e�r� �1�8� �h�o�u�r�s�.� 

�H�e�m�a�g�g�l�u�t�i�n�a�t�i�o�n� �i�n�h�i�b�i�t�i�o�n� �a�s�s�a�y�:� �H�e�m�a�g�g�l�u�t�i�n�a�t�i�o�n� �a�s�s�a�y�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�s� 

�p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �(�1�3�)�.� �T�o�x�i�n� �A� �w�a�s� �s�e�r�i�a�l�l�y� �d�i�l�u�t�e�d� �1�:�2� �i�n� �T�B�S�.� �A�n� �e�q�u�a�l� 

�v�o�l�u�m�e� �o�f� �P�C�G�-�4� �(�0�.�8� �m�g�/�m�l�,� �o�r� �0�.�0�8� �m�g�/�m�l�)� �w�a�s� �a�d�d�e�d� �t�o� �e�a�c�h� �d�i�l�u�t�i�o�n� �o�f� 

�t�o�x�i�n�.� �T�h�i�s� �m�i�x�t�u�r�e� �w�a�s� �i�n�c�u�b�a�t�e�d� �f�o�r� �3�0� �m�i�n�u�t�e�s� �o�n� �i�c�e�.� �T�h�e�n� �5�0� �u�l� �o�f� �t�o�x�i�n� �A� 

�o�r� �5�0� �u�l� �o�f� �t�o�x�i�n� �A� �w�i�t�h� �P�C�G�-�4� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �w�e�l�l�s� �o�f� �a� �9�6� �w�e�l�l� �V�-�b�o�t�t�o�m
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�m�i�c�r�o�t�i�t�e�r� �p�l�a�t�e� �t�h�a�t� �w�a�s� �c�h�i�l�l�e�d� �o�n� �i�c�e�.� �F�i�f�t�y� �w�l� �o�f� �1�.�5�%� �r�a�b�b�i�t� �e�r�y�t�h�r�o�c�y�t�e�s� �w�a�s� 

�a�d�d�e�d� �t�o� �e�a�c�h� �w�e�l�l� �a�n�d� �t�h�e� �p�l�a�t�e� �w�a�s� �i�n�c�u�b�a�t�e�d� �3� �h�o�u�r�s� �a�t� �4�C�.� �H�e�m�a�g�g�l�u�t�i�n�a�t�i�o�n� 

�i�s� �r�e�p�o�r�t�e�d� �a�s� �t�h�e� �l�e�a�s�t� �a�m�o�u�n�t� �o�f� �t�o�x�i�n� �r�e�q�u�i�r�e�d� �f�o�r� �h�e�m�a�g�g�l�u�t�i�n�a�t�i�o�n�.� 

�B�i�n�d�i�n�g� �a�s�s�a�y�.� �C�e�l�l�s� �w�e�r�e� �g�r�o�w�n� �u�n�t�i�l� �a�b�o�u�t� �4�0�%� �o�f� �t�h�e� �t�i�s�s�u�e� �c�u�l�t�u�r�e� �p�l�a�t�e� �w�a�s� 

�c�o�v�e�r�e�d�.� �C�e�l�l�s� �w�e�r�e� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �t�i�s�s�u�e� �c�u�l�t�u�r�e� �p�l�a�t�e� �o�n� �t�h�e� �s�a�m�e� �d�a�y� �a�s� 

�t�h�e� �b�i�n�d�i�n�g� �a�s�s�a�y� �u�s�i�n�g� �2� �m�M� �E�D�T�A� �i�n� �H�a�n�k�s� �b�a�l�a�n�c�e�d� �s�a�l�t� �s�o�l�u�t�i�o�n� �c�o�n�t�a�i�n�i�n�g� 

�2�%� �h�e�a�t�-�i�n�a�c�t�i�v�a�t�e�d� �f�e�t�a�l� �b�o�v�i�n�e� �s�e�r�u�m�.� �T�h�e� �c�e�l�l�s� �w�e�r�e� �w�a�s�h�e�d� �o�n�c�e� �i�n� �t�w�o� 

�v�o�l�u�m�e�s� �o�f� �m�e�d�i�a�.� �C�e�l�l� �n�u�m�b�e�r�s� �w�e�r�e� �e�s�t�i�m�a�t�e�d� �u�s�i�n�g� �a� �h�e�m�a�c�y�t�o�m�e�t�e�r�.� �T�h�e� 

�b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �t�h�e� �c�e�l�l�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �a�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �(�1�3�)�.� 

�B�r�i�e�f�l�y�,� �v�a�r�i�o�u�s� �n�u�m�b�e�r�s� �o�f� �c�e�l�l�s�,� �n�o�t� �e�x�c�e�e�d�i�n�g� �5� �x� �1�0�°� �c�e�l�l�s�,� �w�e�r�e� �e�x�p�o�s�e�d� �t�o� �7�.�5� 

�n�g� �o�f� �t�o�x�i�n� �A� �c�o�n�t�a�i�n�e�d� �i�n� �0�.�3� �m�l� �o�f� �T�B�S�-�B�S�A� �a�t� �4�C� �f�o�r� �t�e�n� �m�i�n�u�t�e�s�.� �T�h�e� �c�e�l�l�s� 

�w�e�r�e� �p�e�l�l�e�t�e�d� �b�y� �c�e�n�t�r�i�f�u�g�a�t�i�o�n�,� �a�n�d� �t�h�e� �u�n�b�o�u�n�d� �t�o�x�i�n� �A� �w�a�s� �q�u�a�n�t�i�t�a�t�e�d� �b�y� �a�n� 

�E�L�I�S�A� �(�1�9�)�.� �B�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �c�e�l�l�s� �t�r�e�a�t�e�d� �w�i�t�h� �t�u�n�i�c�a�m�y�c�i�n� �w�a�s� �a�s�s�a�y�e�d� 

�u�s�i�n�g� �F�9� �c�e�l�l�s� �g�r�o�w�n� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�u�n�i�c�a�m�y�c�i�n� �(�S�u�g�/�m�l�)� �f�o�r� �1�2� �h�o�u�r�s�.� 

�C�o�m�p�e�t�i�t�i�v�e� �b�i�n�d�i�n�g� �a�s�s�a�y�s� �w�i�t�h� �G�S�1�-�B�,� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �b�y� �e�x�p�o�s�i�n�g� �t�h�e� �c�e�l�l�s� �t�o� 

�2�5� �w�g� �o�f� �l�e�c�t�i�n� �i�n� �o�n�e� �m�l� �o�f� �T�B�S�-�B�S�A� �f�o�r� �t�e�n� �m�i�n�u�t�e�s� �b�e�f�o�r�e� �e�x�p�o�s�i�n�g� �t�h�e� �c�e�l�l�s� �t�o� 

�t�o�x�i�n� �A�.
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�R�E�S�U�L�T�S� 

�T�o� �d�e�t�e�r�m�i�n�e� �i�f� �G�a�l� �1�-�3�G�a�l�B�1�-�4�G�l�c�N�A�c� �c�o�u�l�d� �b�e� �a� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�c�e�p�t�o�r� 

�f�o�r� �t�o�x�i�n� �A�,� �I� �e�x�a�m�i�n�e�d� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �c�e�l�l� �l�i�n�e�s� �t�h�a�t� �e�i�t�h�e�r� 

�h�a�d� �l�a�r�g�e� �a�m�o�u�n�t�s� �o�f� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e�,� �o�r� �u�n�d�e�t�e�c�t�a�b�l�e� �a�m�o�u�n�t�s� �(�T�a�b�l�e� �1�)�.� �I� 

�f�o�u�n�d� �t�h�a�t� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �c�e�l�l� �l�i�n�e�s� �t�h�a�t� �d�o� �n�o�t� �e�x�p�r�e�s�s� �G�a�l�e� �1�-�3�G�a�l�B�1�-� 

�4�G�I�c�N�A�c� �(�i�.�e�.�,� �C�H�O� �a�n�d� �P�A�1�)� �w�a�s� �o�n�l�y� �a�b�o�u�t� �1�%� �o�f� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �t�o�x�i�n� �o�n� 

�t�h�e� �c�e�l�l� �l�i�n�e�s� �t�h�a�t� �e�x�p�r�e�s�s� �l�a�r�g�e� �a�m�o�u�n�t�s� �(�i�.�e�.�,� �F�9�,� �O�T�F�9�-�6�3�,� �a�n�d� �P�1�9�)� �(�F�i�g�u�r�e� �1�)�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �a� �s�u�b�c�l�o�n�e� �o�f� �t�h�e� �P�1�9� �c�e�l�l� �l�i�n�e� �(�i�.�e�.�,� �P�1�9�S�1�8�0�1�A�1�)� �t�h�a�t� �e�x�p�r�e�s�s�e�s� 

�l�e�s�s� �G�a�l� �1�-�3�G�a�l�B�1�-�4�G�I�c�N�A�c� �t�h�a�n� �t�h�e� �P�1�9� �c�e�l�l� �l�i�n�e� �(�5�)� �w�a�s� �l�e�s�s� �s�e�n�s�i�t�i�v�e� �t�o� �t�o�x�i�n� 

�A� �t�h�a�n� �w�a�s� �t�h�e� �P�1�9� �c�e�l�l� �l�i�n�e� �(�F�i�g�u�r�e� �1�)�.� �T�h�e� �c�o�r�r�e�l�a�t�i�o�n� �o�f� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� 

�c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �w�i�t�h� �c�e�l�l� �l�i�n�e�s� �t�h�a�t� �e�x�p�r�e�s�s� �G�a�l� �1�-�3�G�a�l�B�1�-�4�G�I�c�N�A�c� 

�s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �t�r�i�s�a�c�c�h�a�r�i�d�e� �i�s� �a� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�c�e�p�t�o�r� �f�o�r� �t�o�x�i�n� �A�.� 

�I� �f�o�c�u�s�e�d� �m�y� �f�u�r�t�h�e�r� �w�o�r�k� �o�n� �t�h�e� �F�9� �c�e�l�l� �l�i�n�e� �b�e�c�a�u�s�e� �t�h�i�s� �c�e�l�l� �l�i�n�e� 

�p�r�o�d�u�c�e�s� �l�a�r�g�e� �a�m�o�u�n�t�s� �o�f� �G�a�l�o� �1�-�3�G�a�l�B�1�-�4�G�I�c�N�A�c� �(�4�,� �5�)�,� �a�n�d� �b�e�c�a�u�s�e� �i�t� �w�a�s� �v�e�r�y� 

�s�e�n�s�i�t�i�v�e� �t�o� �t�o�x�i�n� �A�.� �F�u�r�t�h�e�r�m�o�r�e�,� �m�a�n�y� �o�f� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e�s� �o�n� �F�9� �c�e�l�l�s� �a�r�e� �w�e�l�l� 

�c�h�a�r�a�c�t�e�r�i�z�e�d�.� �F�o�r� �c�o�m�p�a�r�a�t�i�v�e� �p�u�r�p�o�s�e�s�,� �I� �a�l�s�o� �s�t�u�d�i�e�d� �t�w�o� �c�e�l�l� �l�i�n�e�s� �(�C�H�O� �a�n�d� 

�P�A�1�)� �w�h�i�c�h� �a�p�p�a�r�e�n�t�l�y� �d�o� �n�o�t� �e�x�p�r�e�s�s� �G�a�l�s� �1�-�3�G�a�l�B�1�-�4�G�l�c�N�A�c�.� �F�i�r�s�t� �I� �t�r�e�a�t�e�d� 

�t�h�e� �c�e�l�l�s� �w�i�t�h� �t�u�n�i�c�a�m�y�c�i�n�,� �w�h�i�c�h� �i�s� �a�n� �a�n�t�i�b�i�o�t�i�c� �t�h�a�t� �r�e�d�u�c�e�s� �g�l�y�c�o�s�y�l�a�t�i�o�n� �o�f� 

�p�r�o�t�e�i�n�s� �o�n� �e�u�c�a�r�y�o�t�i�c� �c�e�l�l�s� �(�2�3�)�.� �F�9� �c�e�l�l�s� �t�r�e�a�t�e�d� �w�i�t�h� �t�u�n�i�c�a�m�y�c�i�n� �b�o�u�n�d� �l�e�s�s� 

�t�o�x�i�n� �A� �(�F�i�g�u�r�e� �2�)� �a�n�d� �w�e�r�e� �7�5�%� �l�e�s�s� �s�e�n�s�i�t�i�v�e� �t�o� �t�o�x�i�n� �A� �t�h�a�n� �w�e�r�e� �u�n�t�r�e�a�t�e�d� �F�9� 

�c�e�l�l�s� �(�F�i�g�u�r�e� �3�)�.� �S�i�n�c�e� �C�H�O� �a�n�d� �P�A�I�!� �c�e�l�l�s� �d�i�d� �n�o�t� �b�i�n�d� �d�e�t�e�c�t�a�b�l�e� �a�m�o�u�n�t�s� �o�f� 

�t�o�x�i�n� �A�,� �t�h�e� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �t�u�n�i�c�a�m�y�c�i�n� �t�r�e�a�t�e�d� �C�H�O� �o�r� �P�A�1� �c�e�l�l�s� �w�a�s� �n�o�t� 

�a�s�s�a�y�e�d�.� �T�u�n�i�c�a�m�y�c�i�n� �d�i�d� �n�o�t� �a�f�f�e�c�t� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �t�h�e� �P�A�1� �c�e�l�l�s�.
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�F�I�G�U�R�E� �1�.� �R�e�l�a�t�i�v�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �t�h�e� �c�e�l�l� �l�i�n�e�s� �t�o� �t�o�x�i�n� �A� �a�f�t�e�r� �e�x�p�o�s�u�r�e� �t�o� �t�h�e� 

�t�o�x�i�n� �F�o�r� �1�8� �h�o�u�r�s�.
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�F�I�G�U�R�E� �2�.� �B�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �F�9� �c�e�l�l�s� �a�f�t�e�r� �t�h�e� �c�e�l�l�s� �h�a�d� �u�n�d�e�r�g�o�n�e� �v�a�r�i�o�u�s� 

�t�r�e�a�t�m�e�n�t�s�.� �T�u�n�i�c�a�m�y�c�i�n� �i�s� �a�n� �a�n�t�i�b�i�o�t�i�c� �t�h�a�t� �r�e�d�u�c�e�s� �g�l�y�c�o�s�y�l�a�t�i�o�n� �o�f� �p�r�o�t�e�i�n� �i�n� 

�e�u�c�a�r�y�o�t�i�c� �c�e�l�l�s� �(�2�3�)�.� �G�S�1�-�B�,� �a�n�d� �D�B�A� �a�r�e� �l�e�c�t�i�n�s� �t�h�a�t� �b�i�n�d� �t�o� �c�a�r�b�o�h�y�d�r�a�t�e�s� 

�t�h�a�t� �c�o�n�t�a�i�n� �a�-�l�i�n�k�e�d� �g�a�l�a�c�t�o�s�e� �o�r� �«�-�l�i�n�k�e�d� �N� �a�c�e�t�y�l�g�a�l�a�c�t�o�s�a�m�i�n�e�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�9�,� 

�2�1�)�.� �S�e�e� �t�e�x�t� �f�o�r� �t�h�e� �p�a�r�a�m�e�t�e�r� �o�f� �t�h�e� �t�r�e�a�t�m�e�n�t�s� �a�n�d� �d�i�s�c�u�s�s�i�o�n�.
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�F�I�G�U�R�E� �3�.� �S�e�n�s�i�t�i�v�i�t�y� �o�f� �F�9� �c�e�l�l�s� �t�o� �t�o�x�i�n� �A� �a�f�t�e�r� �t�h�e� �c�e�l�l�s� �h�a�d� �u�n�d�e�r�g�o�n�e� �v�a�r�i�o�u�s� 

�t�r�e�a�t�m�e�n�t�s�.� �T�u�n�i�c�a�m�y�c�i�n� �i�s� �a�n� �a�n�t�i�b�i�o�t�i�c� �t�h�a�t� �r�e�d�u�c�e�s� �g�l�y�c�o�s�y�l�a�t�i�o�n� �o�f� �p�r�o�t�e�i�n� �i�n� 

�e�u�c�a�r�y�o�t�i�c� �c�e�l�l�s� �(�2�3�)�.� �P�C�G�-�4� �i�s� �a� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �t�o� �t�o�x�i�n� �A� �t�h�a�t� �r�e�a�c�t�s� �w�i�t�h� 

�t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� �b�i�n�d�i�n�g� �p�o�r�t�i�o�n� �o�f� �t�o�x�i�n� �A� �(�2�2�)�.� �T�h�e� �n�e�u�t�r�a�l� �m�o�n�o�c�l�o�n�a�l� 

�a�n�t�i�b�o�d�y� �w�a�s� �t�h�e� �s�a�m�e� �c�l�a�s�s� �a�s� �P�C�G�-�4�,� �b�u�t� �d�o�e�s� �n�o�t� �r�e�a�c�t� �w�i�t�h� �t�o�x�i�n� �A� �i�n� �a�n� 

�a�n�t�i�b�o�d�y�/�a�n�t�i�g�e�n� �r�e�a�c�t�i�o�n�.� �S�e�e� �t�e�x�t� �f�o�r� �t�h�e� �p�a�r�a�m�e�t�e�r� �o�f� �t�h�e� �t�r�e�a�t�m�e�n�t�s� �a�n�d� 

�d�i�s�c�u�s�s�i�o�n�.
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�C�H�O� �c�e�l�l�s� �d�i�d� �n�o�t� �r�e�m�a�i�n� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� �c�u�l�t�u�r�e� �p�l�a�t�e� �a�f�t�e�r� �t�h�e� �t�u�n�i�c�a�m�y�c�i�n� 

�t�r�e�a�t�m�e�n�t�,� �s�o� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �t�u�n�i�c�a�m�y�c�i�n� �t�r�e�a�t�e�d� �C�H�O� �c�e�l�l�s� �c�o�u�l�d� �n�o�t� 

�b�e� �d�e�t�e�r�m�i�n�e�d�.� �L�e�a�v�i�n�g� �t�u�n�i�c�a�m�y�c�i�n� �i�n� �t�h�e� �t�i�s�s�u�e� �c�u�l�t�u�r�e�,� �o�r� �r�e�m�o�v�i�n�g� �i�t� �b�e�f�o�r�e� 

�t�h�e� �a�d�d�i�t�i�o�n� �o�f� �t�o�x�i�n� �A� �h�a�d� �n�o� �e�f�f�e�c�t� �o�n� �t�h�e� �c�y�t�o�t�o�x�i�c�i�t�y� �r�e�s�u�l�t�s�,� �w�h�i�c�h� �i�n�d�i�c�a�t�e�s� 

�t�u�n�i�c�a�m�y�c�i�n� �d�i�d� �n�o�t� �d�i�r�e�c�t�l�y� �i�n�t�e�r�a�c�t� �w�i�t�h� �t�o�x�i�n� �A�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �r�e�s�u�l�t�s� �w�i�t�h� �t�h�e� 

�F�9� �a�n�d� �P�A�1� �c�e�l�l� �l�i�n�e�s� �s�u�g�g�e�s�t� �t�h�a�t� �a� �c�a�r�b�o�h�y�d�r�a�t�e� �r�e�c�e�p�t�o�r� �t�h�a�t� �b�o�u�n�d� �t�o�x�i�n� �A� �t�o� 

�t�h�e� �F�9� �c�e�l�l�s� �w�a�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �F�9� �c�e�l�l�s�.� 

�I� �t�h�e�n� �a�s�s�a�y�e�d� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �a�f�t�e�r� �t�r�e�a�t�i�n�g� �t�h�e� �t�o�x�i�n� �w�i�t�h� 

�P�C�G�-�4�,� �w�h�i�c�h� �i�s� �a� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �t�h�a�t� �r�e�a�c�t�s� �w�i�t�h� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e�-�b�i�n�d�i�n�g� 

�p�o�r�t�i�o�n� �o�f� �t�o�x�i�n� �A� �(�2�2�)�.� �I� �f�o�u�n�d� �t�h�a�t� �t�r�e�a�t�i�n�g� �s�e�r�i�a�l�l�y� �d�i�l�u�t�e�d� �t�o�x�i�n� �A� �w�i�t�h� �2�0�0� 

�p�g�/�m�l� �o�f� �P�C�G�-�4� �i�n�c�r�e�a�s�e�d� �t�h�e� �a�m�o�u�n�t� �o�f� �t�o�x�i�n� �A� �r�e�q�u�i�r�e�d� �t�o� �h�e�m�a�g�g�l�u�t�i�n�a�t�e� 

�r�a�b�b�i�t� �e�r�y�t�h�r�o�c�y�t�e�s� �(�w�h�i�c�h� �c�o�n�t�a�i�n� �l�a�r�g�e� �a�m�o�u�n�t�s� �o�f� �G�a�b� �1�-�3�G�a�l�B�1�-�4�G�I�c�N�A�c�;� �7�,� 

�1�0�)� �f�r�o�m� �3� �p�g�/�m�l� �w�i�t�h�o�u�t� �P�C�G�-�4� �t�o� �5�0� �n�g�/�m�l� �w�i�t�h� �P�C�G�-�4�.� �T�h�i�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� 

�t�h�e� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �i�n�h�i�b�i�t�e�d� �t�h�e� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� 

�r�e�c�e�p�t�o�r�.� �P�C�G�-�4� �a�l�s�o� �r�e�d�u�c�e�d� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �F�9� �c�e�l�l�s� �b�y� 

�8�7�%� �(�F�i�g�u�r�e� �3�)�,� �b�u�t� �d�i�d� �n�o�t� �a�f�f�e�c�t� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �C�H�O� �o�r� �P�A�I� �c�e�l�l�s�.� 

�T�h�e� �n�e�u�t�r�a�l� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �(�U�P�C�-�1�0�)� �d�i�d� �n�o�t� �a�f�f�e�c�t� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� 

�t�o�x�i�n� �A� �o�n� �a�n�y� �o�f� �t�h�e� �c�e�l�l� �l�i�n�e�s�.� �T�h�i�s� �p�r�o�v�i�d�e�s� �f�u�r�t�h�e�r� �e�v�i�d�e�n�c�e� �t�h�a�t� �t�h�e� �h�i�g�h� 

�a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �F�9� �c�e�l�l�s� �i�s� �d�u�e� �t�o� �t�o�x�i�n� �A� �b�i�n�d�i�n�g� �t�o� �a� �r�e�c�e�p�t�o�r�.� 

�T�o� �f�u�r�t�h�e�r� �d�e�f�i�n�e� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� �t�h�a�t� �w�a�s� �a�c�t�i�n�g� �a�s� �a� 

�p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�c�e�p�t�o�r� �f�o�r� �t�o�x�i�n� �A� �o�n� �F�9� �c�e�l�l�s�,� �I� �a�t�t�e�m�p�t�e�d� �t�o� �c�o�m�p�e�t�i�t�i�v�e�l�y� 

�p�r�e�v�e�n�t� �t�h�e� �b�i�n�d�i�n�g� �o�f� �t�h�e� �t�o�x�i�n� �t�o� �t�h�e� �c�e�l�l�s� �b�y� �u�s�i�n�g� �t�h�e� �l�e�c�t�i�n�s� �G�S�1�-�B�,� �o�r� �D�B�A�.� 

�S�i�n�c�e� �r�e�c�e�p�t�o�r�s� �m�a�y� �b�e� �r�e�c�y�c�l�e�d� �b�y� �c�e�l�l�s�,� �I� �l�i�m�i�t�e�d� �t�h�e� �t�i�m�e� �o�f� �t�h�e� �c�o�m�p�e�t�i�t�i�o�n�,



�8�4� 

�a�n�d� �r�e�m�o�v�e�d� �t�h�e� �t�o�x�i�n� �a�f�t�e�r� �a� �s�h�o�r�t� �e�x�p�o�s�u�r�e� �t�i�m�e�.� �T�h�i�s� �s�h�o�r�t� �i�n�c�u�b�a�t�i�o�n� �p�e�r�i�o�d� 

�r�e�d�u�c�e�d� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �1�0�0�-�f�o�l�d� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �1�8� �h�o�u�r� 

�i�n�c�u�b�a�t�i�o�n� �w�i�t�h� �t�o�x�i�n� �A�.� �T�r�e�a�t�i�n�g� �t�h�e� �c�e�l�l�s� �w�i�t�h� �D�B�A�,� �w�h�i�c�h� �b�i�n�d�s� �t�o� �a�-�l�i�n�k�e�d� �N�-� 

�a�c�e�t�y�l�g�a�l�a�c�t�o�s�a�m�i�n�e� �(�9�)�,� �d�i�d� �n�o�t� �r�e�d�u�c�e� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �a�n�y� �o�f� �t�h�e� �c�e�l�l� 

�l�i�n�e�s� �n�o�r� �d�i�d� �i�t� �p�r�e�v�e�n�t� �t�h�e� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �t�h�e� �F�9� �c�e�l�l�s� �(�F�i�g�u�r�e� �2�)�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �w�h�e�n� �t�h�e� �C�H�O� �o�r� �P�A�1� �c�e�l�l�s� �w�e�r�e� �t�r�e�a�t�e�d� �w�i�t�h� �G�S�1�-�B�,�,� �w�h�i�c�h� �b�i�n�d�s� 

�t�o� �a�-�l�i�n�k�e�d� �g�a�l�a�c�t�o�s�e� �(�9�,� �2�1�)�,� �t�h�e�r�e� �w�a�s� �n�o� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� 

�t�o�x�i�n� �A�.� �H�o�w�e�v�e�r�,� �t�r�e�a�t�i�n�g� �t�h�e� �F�9� �c�e�l�l�s� �w�i�t�h� �G�S�1�-�B�,� �r�e�d�u�c�e�d� �t�h�e� �c�y�t�o�t�o�x�i�c� 

�a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �b�y� �8�7�%� �(�F�i�g�u�r�e� �4�)�,� �a�n�d� �G�S�1�-�B�,� �p�r�e�v�e�n�t�e�d� �t�o�x�i�n� �A� �f�r�o�m� 

�b�i�n�d�i�n�g� �t�o� �t�h�e� �c�e�l�l�s� �(�F�i�g�u�r�e� �2�)�.� �T�h�i�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �a� �c�a�r�b�o�h�y�d�r�a�t�e� �w�h�i�c�h� 

�c�o�n�t�a�i�n�e�d� �a� �t�e�r�m�i�n�a�l� �a�-�l�i�n�k�e�d� �g�a�l�a�c�t�o�s�e� �b�o�u�n�d� �t�o�x�i�n� �A� �t�o� �t�h�e� �F�9� �c�e�l�l�s�,� �a�n�d� �w�a�s� 

�r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �h�i�g�h� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �t�h�e� �F�9� �c�e�l�l�s�.
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�N�o�n�e� �D�B�A� �G�S�1�  ��B�y� 

�T�r�e�a�t�m�e�n�t� 

�F�I�G�U�R�E� �4�.� �T�h�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �F�9� �c�e�l�l�s� �t�o� �t�o�x�i�n� �A� �a�f�t�e�r� �t�h�e� �c�e�l�l�s� �h�a�d� �b�e�e�n� �t�r�e�a�t�e�d� 

�w�i�t�h� �l�e�c�t�i�n�s� �t�o� �c�o�m�p�e�t�i�t�i�v�e�l�y� �p�r�e�v�e�n�t� �t�h�e� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �t�h�e� �c�e�l�l�s�.� �G�S�1�-�B�,� 

�a�n�d� �D�B�A� �a�r�e� �l�e�c�t�i�n�s� �t�h�a�t� �b�i�n�d� �t�o� �c�a�r�b�o�h�y�d�r�a�t�e�s� �t�h�a�t� �c�o�n�t�a�i�n� �a�-�l�i�n�k�e�d� �g�a�l�a�c�t�o�s�e� �o�r� 

�a�-�l�i�n�k�e�d� �N� �a�c�e�t�y�l�g�a�l�a�c�t�o�s�a�m�i�n�e�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�9�,� �2�1�)�.� �S�e�e� �t�e�x�t� �f�o�r� �t�h�e� �p�a�r�a�m�e�t�e�r�s� 

�o�f� �t�h�e� �t�r�e�a�t�m�e�n�t�s� �a�n�d� �d�i�s�c�u�s�s�i�o�n�.
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�D�I�S�C�U�S�S�I�O�N� 

�P�r�e�v�i�o�u�s�l�y�,� �t�h�i�s� �l�a�b�o�r�a�t�o�r�y� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�o�x�i�n� �A� �b�i�n�d�s� �t�o� 

�c�a�r�b�o�h�y�d�r�a�t�e�s� �t�h�a�t� �t�e�r�m�i�n�a�t�e� �w�i�t�h� �G�a�b� �1�-�3�G�a�l�8�1�-�4�G�I�c�N�A�c� �(�3�,� �1�3�)�.� �T�h�i�s� �s�t�u�d�y� �w�a�s� 

�u�n�d�e�r�t�a�k�e�n� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�o�x�i�n� �A� �c�o�u�l�d� �u�s�e� �G�a�l�e� �1�-�3�G�a�l�B�1�-�4�G�l�c�N�A�c� �a�s� �a� 

�p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�c�e�p�t�o�r�.� �I� �f�o�u�n�d� �t�h�a�t� �t�o�x�i�n� �A� �h�a�s� �a� �1�0�0�-�f�o�l�d� �h�i�g�h�e�r� �c�y�t�o�t�o�x�i�c� 

�a�c�t�i�v�i�t�y� �o�n� �c�e�l�l� �l�i�n�e�s� �t�h�a�t� �e�x�p�r�e�s�s� �G�a�l� �1�-�3�G�a�l�B�1�-�4�G�I�c�N�A�c� �t�h�a�n� �o�n� �c�e�l�l� �l�i�n�e�s� �t�h�a�t� 

�d�o� �n�o�t� �e�x�p�r�e�s�s� �t�h�i�s� �c�a�r�b�o�h�y�d�r�a�t�e�.� �T�h�e� �h�i�g�h� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �t�h�e�s�e� �c�e�l�l� �l�i�n�e�s� 

�w�a�s� �d�u�e� �t�o� �t�o�x�i�n� �A� �b�i�n�d�i�n�g� �t�o� �a� �c�a�r�b�o�h�y�d�r�a�t�e� �r�e�c�e�p�t�o�r� �o�n� �t�h�e� �c�e�l�l�s�,� �a�n�d� �t�h�i�s� 

�c�a�r�b�o�h�y�d�r�a�t�e� �r�e�c�e�p�t�o�r� �c�o�n�t�a�i�n�e�d� �a� �t�e�r�m�i�n�a�l� �a�-�l�i�n�k�e�d� �g�a�l�a�c�t�o�s�e�.� �S�i�n�c�e� �t�o�x�i�n� �A� 

�b�i�n�d�s� �t�o� �c�a�r�b�o�h�y�d�r�a�t�e�s� �t�h�a�t� �t�e�r�m�i�n�a�t�e� �w�i�t�h� �G�a�l�:� �1�-�3�G�a�l�B�1�-�4�G�I�c�N�A�c�,� �b�u�t� �d�o�e�s� �n�o�t� 

�b�i�n�d� �t�o� �o�t�h�e�r� �c�a�r�b�o�h�y�d�r�a�t�e� �s�t�r�u�c�t�u�r�e�s� �t�h�a�t� �c�o�n�t�a�i�n� �a�n� �a�-�l�i�n�k�e�d� �g�a�l�a�c�t�o�s�e�,� �I� �b�e�l�i�e�v�e� 

�t�h�e� �d�a�t�a� �d�e�m�o�n�s�t�r�a�t�e�s� �t�h�a�t� �t�o�x�i�n� �A� �u�s�e�s� �G�a�h� �1�-�3�G�a�l�B�1�-�4�G�I�c�N�A�c� �a�s� �a� 

�p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�c�e�p�t�o�r�.� 

�T�h�e� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �P�C�G�-�4� �n�e�u�t�r�a�l�i�z�e�s� �t�h�e� �e�n�t�e�r�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� 

�t�o�x�i�n� �A� �i�n� �v�i�v�o� �(�1�4�,� �1�8�)�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�n� �F�9� �c�e�l�l�s�.� �T�h�i�s� �s�u�g�g�e�s�t�s� 

�t�h�a�t� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �t�h�e� �F�9� �c�e�l�l� �l�i�n�e� �m�a�y� �b�e� �r�e�l�a�t�e�d� �t�o� �t�h�e� 

�e�n�t�e�r�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �t�o�x�i�n� �i�n� �v�i�v�o�.� �S�i�n�c�e� �P�C�G�-�4� �p�r�e�v�e�n�t�s� �t�h�e� �b�i�n�d�i�n�g� �o�f� 

�t�o�x�i�n� �A� �t�o� �G�a�l�a� �1�-�3�G�a�l�B�1�-�4�G�l�c�N�A�c�,� �a�n�d� �t�h�i�s� �c�a�r�b�o�h�y�d�r�a�t�e� �b�i�n�d�s� �t�o�x�i�n� �A� �t�o� �b�o�t�h� 

�F�9� �c�e�l�l�s� �a�n�d� �h�a�m�s�t�e�r� �i�n�t�e�s�t�i�n�a�l� �m�u�c�o�s�a�,� �I� �b�e�l�i�e�v�e� �t�h�i�s� �i�s� �f�u�r�t�h�e�r� �e�v�i�d�e�n�c�e� �t�h�a�t� 

�G�a�l� �1�-�3�G�a�l�B�1�-�4�G�I�c�N�A�c� �c�a�n� �a�c�t� �a�s� �a� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�c�e�p�t�o�r� �f�o�r� �t�o�x�i�n� �A� �i�n� �v�i�v�o�.� 

�T�h�i�s� �i�s� �t�h�e� �f�i�r�s�t� �d�e�m�o�n�s�t�r�a�t�i�o�n� �t�h�a�t� �t�h�e� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �t�o� �t�o�x�i�n� �A�,� 

�d�e�s�i�g�n�a�t�e�d� �P�C�G�-�4�,� �c�a�n� �n�e�u�t�r�a�l�i�z�e� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �(�1�8�)�.� 

�A�p�p�a�r�e�n�t�l�y�,� �t�h�e� �n�e�u�t�r�a�l�i�z�a�t�i�o�n� �i�s� �t�h�e� �r�e�s�u�l�t� �o�f� �P�C�G�-�4� �p�r�e�v�e�n�t�i�n�g� �t�o�x�i�n� �A� �f�r�o�m
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�b�i�n�d�i�n�g� �t�o� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� �r�e�c�e�p�t�o�r� �o�n� �t�h�e� �F�9� �c�e�l�l�s�.� �T�h�e� �i�n�e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� 

�P�C�G�-�4� �a�t� �n�e�u�t�r�a�l�i�z�i�n�g� �t�o�x�i�n� �A� �o�n� �s�o�m�e� �c�e�l�l� �l�i�n�e�s� �(�e�.�g�.�,� �C�H�O�)� �i�n�d�i�c�a�t�e�s� �t�h�e�s�e� �c�e�l�l� 

�l�i�n�e�s� �m�a�y� �n�o�t� �c�o�n�t�a�i�n� �a� �r�e�c�e�p�t�o�r� �f�o�r� �t�o�x�i�n� �A�,� �a�n�d� �t�h�a�t� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� 

�t�o�x�i�n� �A� �o�n� �t�h�e�s�e� �c�e�l�l�s� �m�a�y� �b�e� �t�h�e� �r�e�s�u�l�t� �o�f� �n�o�n�-�s�p�e�c�i�f�i�c� �u�p�-�t�a�k�e� �o�f� �t�o�x�i�n� �A�,� �s�u�c�h� 

�a�s� �b�y� �p�i�n�o�c�y�t�o�s�i�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �a� �s�e�c�o�n�d� �b�i�n�d�i�n�g� �s�i�t�e� �o�n� �t�o�x�i�n� �A� 

�t�h�a�t� �i�s� �n�o�t� �a�f�f�e�c�t�e�d� �b�y� �P�C�G�-�4� �c�a�n�n�o�t� �b�e� �e�x�c�l�u�d�e�d� �a�t� �t�h�i�s� �t�i�m�e�.� 

�G�a�l� �1�-�3�G�a�l�B�1�-�4�G�I�c�N�A�c� �i�s� �e�x�p�r�e�s�s�e�d� �o�n� �t�h�e� �c�e�l�l�s� �o�f� �m�o�s�t� �m�a�m�m�a�l�s� �(�8�)�;� 

�t�h�e�r�e�f�o�r�e�,� �t�o�x�i�n� �A� �c�o�u�l�d� �u�s�e� �t�h�i�s� �c�a�r�b�o�h�y�d�r�a�t�e� �a�s� �a� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�c�e�p�t�o�r� �i�n� �m�o�s�t� 

�a�n�i�m�a�l�s�.� �H�o�w�e�v�e�r�,� �o�l�d� �w�o�r�l�d� �m�o�n�k�e�y�s�,� �a�p�e�s� �a�n�d� �h�u�m�a�n�s� �d�o� �n�o�t� �n�o�r�m�a�l�l�y� �e�x�p�r�e�s�s� 

�t�h�i�s� �t�r�i�s�a�c�c�h�a�r�i�d�e� �(�8�)�,� �t�h�u�s� �t�o�x�i�n� �A� �m�u�s�t� �u�s�e� �a�n� �a�l�t�e�r�n�a�t�e� �r�e�c�e�p�t�o�r� �i�n� �h�u�m�a�n�s�.� 

�T�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�n� �a�l�t�e�r�n�a�t�e� �r�e�c�e�p�t�o�r� �i�s� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �t�h�a�t� �t�h�e� 

�h�u�m�a�n� �c�o�l�o�n�i�c� �c�e�l�l� �l�i�n�e� �T�8�4� �i�s� �1�0� �t�i�m�e�s� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �t�o�x�i�n� �A� �t�h�a�n� �a�r�e� �t�h�e� 

�C�H�O� �c�e�l�l�s�,� �a�n�d� �P�C�G�-�4� �r�e�d�u�c�e�s� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �(�s�e�e� �s�e�c�t�i�o�n� �V� �o�f� �t�h�i�s� 

�d�i�s�s�e�r�t�a�t�i�o�n�)�.� �T�h�e�r�e�f�o�r�e�,� �a�n� �u�n�i�d�e�n�t�i�f�i�e�d� �r�e�c�e�p�t�o�r� �f�o�r� �t�o�x�i�n� �A� �a�p�p�a�r�e�n�t�l�y� �e�x�i�s�t�s� �o�n� 

�h�u�m�a�n� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m�.
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�A�B�B�R�E�V�I�A�T�I�O�N�S� 

�G�a�l�,� �g�a�l�a�c�t�o�s�e� 

�G�l�c�N�A�c�,� �N�-�a�c�e�t�y�l�g�l�u�c�o�s�a�m�i�n�e� 

�C�H�O�,� �C�h�i�n�e�s�e� �H�a�m�s�t�e�r� �O�v�a�r�y� �c�e�l�l� �l�i�n�e� �K�1� 

�D�B�A�,� �D�o�l�i�c�h�o�s� �b�i�f�l�o�r�u�s� �a�g�g�l�u�t�i�n�i�n� 

�G�S�1�,� �G�r�i�f�f�o�n�i�a� �s�i�m�p�l�i�c�i�f�o�l�i�a� �\�e�c�t�i�n� �I� 

�G�S�1�-�B�,�,� �G�r�i�f�f�o�n�i�a� �s�i�m�p�l�i�c�i�f�o�l�i�a� �l�e�c�t�i�n� �I�,� �i�s�o�l�e�c�t�i�n� �B�,� 

�T�B�S� �1�0�0� �m�M� �T�r�i�s�,� �1�5�0� �m�M� �N�a�C�l�,� �5� �m�M� �C�a�C�l�,� �5�m�M� �M�g�C�l�,� �p�h� �7�.�0� 

�T�B�S�-�B�S�A� �1�0�0� �m�M� �T�r�i�s�,� �1�8�0� �m�M� �N�a�C�l�,� �0�.�2�%� �b�o�v�i�n�e� �s�e�r�u�m� �a�l�b�u�m�i�n�,� �5� �m�M� 

�C�a�C�l�,� �5�m�M� �M�g�C�l�,� �p�h� �7�.�0�.
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�1� �B�a�n�n�o�,� �Y�.�,� �T�.� �K�o�b�a�y�a�s�h�i�,� �K�.� �W�a�t�a�n�a�b�e�,� �K�.� �U�e�n�o�,� �a�n�d� �Y�.� �N�o�z�a�w�a�.� �1�9�8�1�.� 
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�i�n�c�r�e�a�s�e� �i�n� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �U�D�P�-�g�a�l�a�c�t�o�s�e�:�8�-�D�-�g�a�l�a�c�t�o�s�y�l�-�a� �1�,�3�-�g�a�l�a�c�t�o�s�y�l� 
�t�r�a�n�s�f�e�r�a�s�e�.� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�6�3�:� �5�1�1�-�5�1�9�.� 
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�e�m�b�r�y�o�n�a�l� �c�a�r�c�i�n�o�m�a� �c�e�l�l�s�.� �S�o�m�a�t�.� �C�e�l�l� �M�o�l�.� �G�e�n�e�t�.� �1�0�:� �4�3�5�-�4�4�4�.� 

�6� �E�i�d�e�l�s�,� �L�.�,� �R�.� �L�.� �P�r�o�i�a�,� �a�n�d� �D�.� �A�.� �H�a�r�t�.� �1�9�8�3�.� �M�e�m�b�r�a�n�e� �r�e�c�e�p�t�o�r�s� �f�o�r� 
�b�a�c�t�e�r�i�a�l� �t�o�x�i�n�s�.� �M�i�c�r�o�b�i�o�l�.� �R�e�v�.� �4�7�:� �5�9�6�-�6�2�0�.� 

�7� �E�t�o�,� �T�.�,� �Y�.� �I�c�h�i�k�a�w�a�,� �K�.� �N�i�s�h�i�m�u�r�a�,� �S�.� �A�n�d�o�,� �a�n�d� �T�.� �Y�a�m�a�k�a�w�a�.� �1�9�6�8�.� 
�C�h�e�m�i�s�t�r�y� �o�f� �l�i�p�i�d� �o�f� �t�h�e� �p�o�s�t�h�e�m�o�l�y�t�i�c� �r�e�s�i�d�u�e� �o�r� �s�t�r�o�m�a� �o�f� �e�r�y�t�h�r�o�c�y�t�e�s�.� �X�V�I�.� 
�O�c�c�u�r�r�e�n�c�e� �o�f� �c�e�r�a�m�i�d�e� �p�e�n�t�a�s�a�c�c�h�a�r�i�d�e� �i�n� �t�h�e� �m�e�m�b�r�a�n�e� �o�f� �e�r�y�t�h�r�o�c�y�t�e�s� �a�n�d� 
�r�e�t�i�c�u�l�o�c�y�t�e�s� �o�f� �r�a�b�b�i�t�.� �J�.� �B�i�o�c�h�e�m�.� �6�4�:� �2�0�5�-�2�1�3�.� 

�8� �G�a�l�i�l�i�,� �U�.�,� �S�.� �B�.� �S�h�o�h�e�t�,� �E�.� �K�o�b�r�i�n�,� �C�.� �L�.� �M�.� �S�t�u�l�t�s�,� �a�n�d� �B�.� �A�.� �M�a�c�h�e�r�.� 
�1�9�8�8�.� �M�a�n�,� �a�p�e�s�,� �a�n�d� �o�l�d� �w�o�r�l�d� �m�o�n�k�e�y�s� �d�i�f�f�e�r� �f�r�o�m� �o�t�h�e�r� �m�a�m�m�a�l�s� �i�n� �t�h�e� 
�e�x�p�r�e�s�s�i�o�n� �o�f� �a�-�g�a�l�a�c�t�o�s�y�l� �e�p�i�t�o�p�e�s� �o�n� �n�u�c�l�e�a�t�e�d� �c�e�l�l�s�.� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�6�3�:� �1�7�7�5�5�-� 
�1�7�7�6�2�.� 

�9� �G�o�l�d�s�t�e�i�n�,� �I�.� �J�.�,� �a�n�d� �R�.� �D�.� �P�o�r�t�e�z�.� �1�9�8�6�.� �I�s�o�l�a�t�i�o�n�,� �p�h�y�s�i�c�o�c�h�e�m�i�c�a�l� 
�c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n�,� �a�n�d� �c�a�r�b�o�h�y�d�r�a�t�e�-�b�i�n�d�i�n�g� �s�p�e�c�i�f�i�c�i�t�y� �o�f� �l�e�c�t�i�n�s� �i�n� �T�h�e� �l�e�c�t�i�n�s�:� 
�p�r�o�p�e�r�t�i�e�s�,� �f�u�n�c�t�i�o�n�s�,�a�n�d� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �b�i�o�l�o�g�y� �a�n�d� �m�e�d�i�c�i�n�e�.� �1�.� �E�.� �L�i�e�n�e�r�,� �N�.� 
�S�h�a�r�o�n�,� �a�n�d� �I�.� �J�.� �G�o�l�d�s�t�e�i�n� �(�E�d�s�.�)�.� �A�c�a�d�e�m�i�c� �P�r�e�s�s� �I�n�c�.� �p�p� �3�3�-�2�4�7�.� 

�1�0� �H�a�n�d�f�l�a�n�d�,� �P�.�,� �H�.� �E�g�g�e�,� �U�.� �D�a�b�r�o�w�s�k�i�,� �S�.� �K�u�h�n�,� �D�.� �R�o�e�l�c�k�e�,� �a�n�d� �J�.� 
�D�a�b�r�o�w�s�k�i�.� �1�9�8�1�.� �I�s�o�l�a�t�i�o�n� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �a�n� �I�-�a�c�t�i�v�e� �c�e�r�a�m�i�d�e� 
�d�e�c�a�s�a�c�c�h�a�r�i�d�e� �f�r�o�m� �r�a�b�b�i�t� �e�r�y�t�h�r�o�c�y�t�e� �m�e�m�b�r�a�n�e�s�.� �B�i�o�c�h�e�m�.� �2�0�:� �5�3�1�0�-�5�3�1�9�.



�9�0� 

�1�1� �H�e�c�h�t�,� �G�.�,� �C�,� �P�o�t�h�o�u�l�a�k�i�s�,� �J�.� �T�.� �L�a�M�o�n�t�,� �a�n�d� �J�.� �L�.� �M�a�d�a�r�a�.� �1�9�8�8�.� 
�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �A� �p�e�r�t�u�r�b�s� �c�y�t�o�s�k�e�l�e�t�a�l� �s�t�r�u�c�t�u�r�e� �a�n�d� �t�i�g�h�t� �j�u�n�c�t�i�o�n� 
�p�e�r�m�e�a�b�i�l�i�t�y� �o�f� �c�u�l�t�u�r�e�d� �h�u�m�a�n� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�a�l� �m�o�n�o�l�a�y�e�r�s�.� �J�.� �C�l�i�n�.� �I�n�v�e�s�t�.� 
�8�2�:� �1�5�1�6�-�1�5�2�4�.� 

�1�2� � �~�=�K�r�i�v�a�n�,� �H�.� �C�.�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�7�.� �P�u�r�i�f�i�c�a�t�i�o�n� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� 
�t�o�x�i�n� �A� �b�y� �a�f�f�i�n�i�t�y� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �o�n� �i�m�m�o�b�i�l�i�z�e�d� �t�h�y�r�o�g�l�o�b�u�l�i�n�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� 
�5�5�:� �1�8�7�3�-�1�8�7�7�.� 

�1�3� �K�r�i�v�a�n�,� �H�.� �C�.�,� �G�.� �F�.� �C�l�a�r�k�,� �D�.� �F�.� �S�m�i�t�h�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�6�.� �C�e�l�l� 
�s�u�r�f�a�c�e� �b�i�n�d�i�n�g� �s�i�t�e� �f�o�r� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �e�n�t�e�r�o�t�o�x�i�n�:� �e�v�i�d�e�n�c�e� �f�o�r� �a� 
�g�l�y�c�o�c�o�n�j�u�g�a�t�e� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �s�e�q�u�e�n�c�e� �G�a�l� �1�-�3�G�a�l�B�1�-�4�G�l�c�N�A�c�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� 
�5�3�:� �5�7�3�-�5�8�1�.� 

�1�4� �+� �L�i�m�a�,� �A�.� �A�.� �M�.�,� �D�.� �M�.� �L�y�e�r�l�y�,� �T�.� �D�.� �W�i�l�k�i�n�s�,� �D�.� �J�.� �I�n�n�e�s�,� �a�n�d� �R�.� �L�.� 
�G�u�e�r�r�a�n�t�.� �1�9�8�8�.� �E�f�f�e�c�t�s� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �T�o�x�i�n�s� �A� �a�n�d� �B� �i�n� �r�a�b�b�i�t� �s�m�a�l�l� 
�a�n�d� �l�a�r�g�e� �i�n�t�e�s�t�i�n�e� �i�n� �v�i�v�o� �a�n�d� �o�n� �c�u�l�t�u�r�e�d� �c�e�l�l�s� �i�n� �v�i�t�r�o�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �5�6�:� �5�8�2�-� 
�5�8�8�.� 

�1�5� �L�y�e�r�l�y�,� �D�.� �M�.�,� �C�.� �J�.� �P�h�e�l�p�s�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�5�.� �M�o�n�o�c�l�o�n�a�l� �a�n�d� 
�s�p�e�c�i�f�i�c� �p�o�l�y�c�l�o�n�a�l� �a�n�t�i�b�o�d�i�e�s� �f�o�r� �i�m�m�u�n�o�a�s�s�a�y� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �A�.� �J�.� 
�C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �2�1�:� �1�2�-�1�4�.� 

�1�6� �L�y�e�r�l�y�,� �D�.� �M�.�,� �M�.� �D�.� �R�o�b�e�r�t�s�,� �C�.� �J�.� �P�h�e�l�p�s�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�6�.� 
�P�u�r�i�f�i�c�a�t�i�o�n� �a�n�d� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�o�x�i�n�s� �A� �a�n�d� �B� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�.� �F�E�M�S� 
�M�i�c�r�o�b�i�o�l�.� �L�e�t�t�.� �3�3�:� �3�1�-�3�5�.� 

�1�7� �L�y�e�r�l�y�,� �D�.� �M�.�,� �K�.� �E�.� �S�a�u�m�,� �D�.� �K�.� �M�c�D�o�n�a�l�d�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�5�.� 
�E�f�f�e�c�t�s� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n�s� �g�i�v�e�n� �i�n�t�r�a�g�a�s�t�r�i�c�a�l�l�y� �t�o� �a�n�i�m�a�l�s�.� �I�n�f�e�c�t�.� 
�I�m�m�u�n�.� �4�7�:� �3�4�9�-�3�5�2�.� 

�1�8� �~�_ �� �L�y�e�r�l�y�,� �D�.� �M�.�,� �C�.� �J�.� �P�h�e�l�p�s�,� �J�.� �T�o�t�h�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�6�.� 
�C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �t�o�x�i�n�s� �A� �a�n�d� �B� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �w�i�t�h� �m�o�n�o�c�l�o�n�a�l� 
�a�n�t�i�b�o�d�i�e�s�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �5�4�:� �7�0�-�7�6�.� 

�1�9� �L�y�e�r�l�y�,� �D�.� �M�.�,� �N�.� �M�.� �S�u�l�l�i�v�a�n�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�3�.� �E�n�z�y�m�e�-�l�i�n�k�e�d� 
�i�m�m�u�n�o�s�o�r�b�e�n�t� �a�s�s�a�y� �f�o�r� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n� �A�.� �J�.� �C�l�i�n�.� �M�i�c�r�o�b�i�o�l�.� �1�7�:� �7�2�-� 
�7�8�.� 

�2�0� �L�y�e�r�l�y�,� �D�.� �M�.�,� �D�.� �E�.� �L�o�c�k�w�o�o�d�,� �S�.� �H�.� �R�i�c�h�a�r�d�s�o�n�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� 
�1�9�8�2�.� �B�i�o�l�o�g�i�c�a�l� �a�c�t�i�v�i�t�i�e�s� �o�f� �t�o�x�i�n�s� �A� �a�n�d� �B� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�.� �I�n�f�e�c�t�.� 
�I�m�m�u�n�.� �3�5�:� �1�1�4�7�-�1�1�5�0�.� 

�2�1� �P�e�t�e�r�s�,� �B�.� �P�.�,� �a�n�d� �I�.� �J�.� �G�o�l�d�s�t�e�i�n�.� �1�9�7�9�.� �T�h�e� �u�s�e� �o�f� �f�l�u�o�r�e�s�c�e�i�n�-�c�o�n�j�u�g�a�t�e�d� 
�B�a�n�d�e�i�r�a�e�a� �s�i�m�p�l�i�c�i�f�o�l�i�a� �B�,�-�i�s�o�l�e�c�t�i�n� �a�s� �a� �h�i�s�t�o�c�h�e�m�i�c�a�l� �r�e�a�g�e�n�t� �f�o�r� �t�h�e� �d�e�t�e�c�t�i�o�n� 
�o�f� �a�-�D�-�g�a�l�a�c�t�o�p�y�r�a�n�o�s�y�l� �g�r�o�u�p�s�.� �E�x�p�.� �C�e�l�l�.� �R�e�s�.� �1�2�0�:� �3�2�1�-�3�2�4�.



�9�1� 

�2�2� �P�r�i�c�e�,� �S�.� �B�.�,� �C�.� �J�.� �P�h�e�l�p�s�,� �T�.� �D�.� �W�i�l�k�i�n�s�,� �a�n�d� �J�.� �L�.� �J�o�h�n�s�o�n�.� �1�9�8�7�.� �C�l�o�n�i�n�g� 
�o�f� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e�-�b�i�n�d�i�n�g� �p�o�r�t�i�o�n� �o�f� �t�h�e� �t�o�x�i�n� �A� �g�e�n�e� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�.� 
�C�u�r�r�.� �M�i�c�r�o�b�i�o�l�.� �1�6�:� �5�5�-�6�0�.� 

�2�3� �R�o�m�e�r�o�,� �P�.� �A�.�,� �a�n�d� �A�.� �H�e�r�s�c�o�v�i�c�s�.� �1�9�8�6�.� �E�f�f�e�c�t�s� �o�f� �t�u�n�i�c�a�m�y�c�i�n�,� �N�-�m�e�t�h�y�l�-� 
�1�-�d�e�o�x�y�n�o�j�i�r�i�m�y�c�i�n�,� �a�n�d� �m�a�n�n�o�-�1�-�d�e�o�x�y�n�o�j�i�r�i�m�y�c�i�n� �o�n� �t�h�e� �b�i�o�s�y�n�t�h�e�s�i�s� �o�f� 
�l�a�c�t�o�s�a�m�i�n�o�g�l�y�c�a�n�s� �i�n� �F�9� �t�e�r�a�t�o�c�a�r�c�i�n�o�m�a� �c�e�l�l�s�.� �C�a�r�b�o�h�y�d�r�a�t�e� �R�e�s�.� �1�5�1�:� �2�1�-�2�8�.� 

�2�4� �S�t�e�r�n�e� �,� �M�.�,� �a�n�d� �L�.� �M�.� �W�e�n�t�z�e�l�.� �1�9�5�0�.� �A� �n�e�w� �m�e�t�h�o�d� �f�o�r� �t�h�e� �l�a�r�g�e� �s�c�a�l�e� 
�p�r�o�d�u�c�t�i�o�n� �o�f� �h�i�g�h�-�t�i�t�e�r� �b�o�t�u�l�i�n�u�m� �f�o�r�m�o�l�-�t�o�x�o�i�d� �t�y�p�e�s� �C� �a�n�d� �D�.� �J�.� �I�m�m�u�n�o�l�.� �6�5�:� 
�1�7�5�-�1�8�3�.� 

�2�5� �S�u�l�l�i�v�a�n�,� �N�.� �M�.�,� �S�.� �P�e�l�l�e�t�t�,� �a�n�d� �T�.� �D�.� �W�i�l�k�i�n�s�.� �1�9�8�2�.� �P�u�r�i�f�i�c�a�t�i�o�n� �a�n�d� 
�c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �t�o�x�i�n�s� �A� �a�n�d� �B� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e�.� �I�n�f�e�c�t�.� �I�m�m�u�n�.� �3�5�:� 
�1�0�3�2�-�1�0�4�0�.� 

�2�6� �T�r�i�a�d�a�f�i�l�o�p�o�u�l�o�s�,� �G�.�,� �C�.� �P�o�t�h�o�u�l�a�k�i�s�,� �M�.� �J�.� �O ��B�r�i�e�n�,� �a�n�d� �J�.� �T�.� �L�a�M�o�n�t�.� 
�1�9�8�7�.� �D�i�f�f�e�r�e�n�t�i�a�l� �e�f�f�e�c�t�s� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �t�o�x�i�n�s� �A� �a�n�d� �B� �o�n� �r�a�b�b�i�t� �i�l�e�u�m�.� 
�G�a�s�t�r�o�e�n�t�e�r�o�l�o�g�y� �9�3�:� �2�7�3�-�2�7�9�.



�C�Y�T�O�T�O�X�I�C� �A�C�T�I�V�I�T�Y� �O�F� �T�O�X�I�N� �A� �A�N�D� �T�O�X�I�N� �B� 

�O�F� �C�L�O�S�T�R�I�D�I�U�M� �D�I�F�F�I�C�I�L�E� 

�K�e�n�n�e�t�h� �D�.� �T�u�c�k�e�r� 

�D�e�p�a�r�t�m�e�n�t� �o�f� �A�n�a�e�r�o�b�i�c� �M�i�c�r�o�b�i�o�l�o�g�y� 

�V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� 

�B�l�a�c�k�s�b�u�r�g�,� �V�i�r�g�i�n�i�a� �2�4�0�6�1� 

�9�2



�9�3� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�M�a�n�y� �b�a�c�t�e�r�i�a�l� �t�o�x�i�n�s� �a�r�e� �c�y�t�o�t�o�x�i�n�s�,� �b�u�t� �t�h�e� �s�p�e�c�i�f�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �t�o�x�i�n� 

�c�a�n� �d�i�f�f�e�r� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �c�e�l�l� �l�i�n�e� �u�s�e�d� �t�o� �a�s�s�a�y� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y�.� �T�h�e�r�e� 

�a�r�e� �s�e�v�e�r�a�l� �f�a�c�t�o�r�s� �t�h�a�t� �c�a�n� �c�a�u�s�e� �a� �t�o�x�i�n� �t�o� �h�a�v�e� �d�i�f�f�e�r�e�n�t� �s�p�e�c�i�f�i�c� �c�y�t�o�t�o�x�i�c� 

�a�c�t�i�v�i�t�i�e�s� �o�n� �d�i�f�f�e�r�e�n�t� �c�e�l�l�s� �l�i�n�e�s�,� �i�n�c�l�u�d�i�n�g� �u�p�t�a�k�e� �a�n�d� �p�r�o�c�e�s�s�i�n�g� �o�f� �t�h�e� �t�o�x�i�n� �b�y� 

�t�h�e� �c�e�l�l�.� �O�n�e� �f�a�c�t�o�r� �t�h�a�t� �o�f�t�e�n� �i�n�c�r�e�a�s�e�s� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �i�s� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �o�f� 

�a� �r�e�c�e�p�t�o�r� �f�o�r� �t�h�e� �t�o�x�i�n� �o�n� �t�h�e� �m�e�m�b�r�a�n�e� �o�f� �t�h�e� �c�e�l�l� �(�7�)�.� �S�u�c�h� �a� �r�e�c�e�p�t�o�r� �s�e�r�v�e�s� 

�t�o� �t�a�r�g�e�t� �t�h�e� �t�o�x�i�n� �t�o� �t�h�e� �c�e�l�l�,� �w�h�i�c�h� �i�n�c�r�e�a�s�e�s� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �t�h�e� �t�o�x�i�n� �w�i�t�h� �t�h�e� 

�c�e�l�l�.� �C�o�n�v�e�r�s�e�l�y�,� �a� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �f�o�r� �a� �t�o�x�i�n� �i�s� �i�n�d�i�c�a�t�i�v�e� �t�h�a�t� 

�t�h�e� �c�e�l�l� �l�i�n�e� �e�x�p�r�e�s�s�e�s� �a� �r�e�c�e�p�t�o�r� �f�o�r� �t�h�e� �c�e�l�l� �l�i�n�e�.� �S�u�c�h� �c�e�l�l� �l�i�n�e�s� �m�a�y� �t�h�e�n� �b�e� 

�u�s�e� �t�o� �c�h�a�r�a�c�t�e�r�i�z�e� �a�n�d� �i�d�e�n�t�i�f�y� �t�h�e� �r�e�c�e�p�t�o�r� �f�o�r� �t�h�e� �s�p�e�c�i�f�i�c� �t�o�x�i�n�.� 

�B�o�t�h� �t�o�x�i�n� �A� �a�n�d� �t�o�x�i�n� �B� �o�f� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �a�r�e� �c�y�t�o�t�o�x�i�n�s� �(�1�5�,� �1�8�,� �1�9�)�,� 

�a�n�d� �t�h�e� �s�p�e�c�i�f�i�c� �a�c�t�i�v�i�t�y� �o�f� �e�a�c�h� �t�o�x�i�n� �c�a�n� �d�i�f�f�e�r� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �c�e�l�l� �l�i�n�e� �u�s�e�d� 

�t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y�.� �T�o� �g�a�i�n� �i�n�s�i�g�h�t�s� �i�n�t�o� �t�h�e� �r�e�c�e�p�t�o�r�s� �o�f� �t�o�x�i�n� �A� 

�a�n�d� �t�o�x�i�n� �B�,� �I� �a�s�s�a�y�e�d� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�i�e�s� �o�f� �t�h�e� �t�o�x�i�n�s� �o�n� �a� �v�a�r�i�e�t�y� �o�f� �c�e�l�l�s�.� �I� 

�a�l�s�o� �u�s�e�d� �a� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �t�o� �t�o�x�i�n� �A�,� �P�C�G�-�4�,� �a�s� �a�n� �a�i�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� 

�P�C�G�-�4� �r�e�a�c�t�s� �w�i�t�h� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� �b�i�n�d�i�n�g� �p�o�r�t�i�o�n� �o�f� �t�o�x�i�n� �A� �(�1�7�)�,� �a�n�d� �p�r�e�v�e�n�t�s� 

�t�h�e� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �c�a�r�b�o�h�y�d�r�a�t�e� �r�e�c�e�p�t�o�r�s� �(�s�e�e� �s�e�c�t�i�o�n� �I�V� �i�n� �t�h�i�s� 

�d�i�s�s�e�r�t�a�t�i�o�n�)�,� �t�h�e�r�e�b�y� �n�e�u�t�r�a�l�i�z�i�n�g� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �t�o�x�i�n�.� �T�h�u�s� �P�C�G�-�4� 

�w�a�s� �u�s�e�d� �t�o� �i�n�d�i�c�a�t�e� �i�f� �t�o�x�i�n� �A� �b�o�u�n�d� �t�o� �c�a�r�b�o�h�y�d�r�a�t�e� �r�e�c�e�p�t�o�r�s� �o�n� �t�h�e� �d�i�f�f�e�r�e�n�t� 

�c�e�l�l� �l�i�n�e�s�.� �T�h�i�s� �p�r�o�v�i�d�e�d� �t�h�e� �p�r�e�l�i�m�i�n�a�r�y� �e�v�i�d�e�n�c�e� �t�h�a�t� �t�o�x�i�n� �A� �m�a�y� �b�i�n�d� �t�o� �t�h�e� �X� 

�a�n�t�i�g�e�n�.



�9�4� 

�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�C�u�l�t�u�r�e�s� �o�f� �C�.� �d�i�f�f�i�c�i�l�e� �w�e�r�e� �g�r�o�w�n� �i�n� �d�i�a�l�y�s�i�s� �f�l�a�s�k� �c�u�l�t�u�r�e�s� �a�s� �p�r�e�v�i�o�u�s�l�y� 

�d�e�s�c�r�i�b�e�d� �(�1�8�)�.� �T�o�x�i�n� �A� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �a�f�f�i�n�i�t�y� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �o�n� �i�m�m�o�b�i�l�i�z�e�d� 

�b�o�v�i�n�e� �t�h�y�r�o�g�l�o�b�u�l�i�n� �(�1�0�)�.� �T�o�x�i�n� �B� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �i�o�n� �e�x�c�h�a�n�g�e� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�,� 

�a�n�d� �a�f�f�i�n�i�t�y� �a�d�s�o�r�p�t�i�o�n� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�1�5�)�.� �E�a�c�h� �t�o�x�i�n� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�o� �b�e� 

�h�o�m�o�g�e�n�e�o�u�s� �u�s�i�n�g� �p�r�o�c�e�d�u�r�e�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �(�1�5�)�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� 

�t�h�e� �t�o�x�i�n�s� �w�e�r�e� �e�s�t�i�m�a�t�e�d� �u�s�i�n�g� �t�h�e� �m�e�t�h�o�d� �o�f� �B�r�a�d�f�o�r�d� �(�1�)� �w�i�t�h� �b�o�v�i�n�e� �g�a�m�m�a� 

�g�l�o�b�u�l�i�n� �a�s� �a� �r�e�f�e�r�e�n�c�e�.� 

�C�e�l�l� �l�i�n�e�s� �w�e�r�e� �g�r�o�w�n� �a�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d�(�5�,� �7�,� �1�2�,� �1�3�)�,� �o�r� �a�s� 

�r�e�c�o�m�m�e�n�d�e�d� �b�y� �t�h�e� �A�m�e�r�i�c�a�n� �T�y�p�e� �C�u�l�t�u�r�e� �C�o�l�l�e�c�t�i�o�n�.� �C�e�l�l� �l�i�n�e�s� �w�e�r�e� �k�i�n�d�l�y� 

�p�r�o�v�i�d�e�d� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g�:� �C�a�C�o�2� �a�n�d� �T�8�4� �b�y� �C�y�n�t�h�i�a� �W�e�i�k�e�l� �a�t� �J�o�h�n�s� �H�o�p�k�i�n�s� 

�U�n�i�v�e�r�s�i�t�y�;� �3�T�3� �a�n�d� �c�h�i�n�e�s�e� �h�a�m�s�t�e�r� �o�v�a�r�y� �c�e�l�l� �l�i�n�e� �K�1� �(�C�H�O�)� �b�y� �B�r�i�a�n� �S�t�o�r�r�i�e�,� 

�a�n�d� �F�9� �b�y� �D�a�v�i�d� �S�m�i�t�h� �a�t� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�;� 

�O�T�F�9�-�6�3�,� �P�1�9�,� �a�n�d� �P�1�9�S�1�8�0�1�A�1� �b�y� �P�a�m�e�l�a� �S�t�a�n�l�e�y� �a�t� �Y�e�s�h�e�v�i�a� �U�n�i�v�e�r�s�i�t�y�;� �a�n�d� 

�E�h�r�l�i�c�h� �L�e�t�t�r�e� �a�s�c�i�t�e�s� �c�a�r�c�i�n�o�m�a� �s�t�r�a�i�n� �E� �(�E�A�T�)�,� �P�A�1�,� �a�n�d� �T�I�B�8�5� �f�r�o�m� �t�h�e� 

�A�m�e�r�i�c�a�n� �T�y�p�e� �C�u�l�t�u�r�e� �C�o�l�l�e�c�t�i�o�n�.� 

�C�y�t�o�t�o�x�i�c�i�t�y� �a�s�s�a�y�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �i�n� �9�6� �w�e�l�l� �m�i�c�r�o�t�i�t�e�r� �p�l�a�t�e�s� �a�s� 

�p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �(�1�8�)�.� �T�h�e� �a�b�i�l�i�t�y� �o�f� �P�C�G�-�4� �t�o� �n�e�u�t�r�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �c�y�t�o�t�o�x�i�c� 

�a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �w�a�s� �a�s�s�a�y�e�d� �b�y� �m�i�x�i�n�g� �2�0�0� �»�g�/�m�l� �o�f� �P�C�G�-�4� �w�i�t�h� �s�e�r�i�a�l�l�y� 

�d�i�l�u�t�e�d� �t�o�x�i�n� �A� �a�n�d� �i�n�c�u�b�a�t�i�n�g� �o�n�e� �h�o�u�r� �o�n� �i�c�e� �b�e�f�o�r�e� �a�d�d�i�n�g� �t�h�e� �t�o�x�i�n� �t�o� �t�h�e� 

�t�i�s�s�u�e� �c�u�l�t�u�r�e�.� �A�l�l� �r�e�s�u�l�t�s� �a�r�e� �e�x�p�r�e�s�s�e�s� �a�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�y�t�o�t�o�x�i�c� �u�n�i�t�s� �(�C�T�U�)� 

�c�o�n�t�a�i�n�e�d� �i�n� �1� �»�g� �o�f� �t�o�x�i�n�,� �w�i�t�h� �a� �C�T�U� �b�e�i�n�g� �d�e�f�i�n�e�d� �a�s� �t�h�e� �l�e�a�s�t� �a�m�o�u�n�t� �o�f� �t�o�x�i�n� 

�t�h�a�t� �c�a�u�s�e�d� �9�0�%� �o�f� �t�h�e� �c�e�l�l�s� �t�o� �r�o�u�n�d� �a�f�t�e�r� �1�8� �h�o�u�r�s� �o�f� �e�x�p�o�s�u�r�e� �t�o� �t�h�e� �t�o�x�i�n�.



�9�5� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�M�a�n�y� �b�a�c�t�e�r�i�a�l� �t�o�x�i�n�s� �u�s�e� �c�a�r�b�o�h�y�d�r�a�t�e�s� �a�s� �r�e�c�e�p�t�o�r�s�;� �l�i�k�e�w�i�s�e� �t�o�x�i�n� �A� 

�b�i�n�d�s� �t�o� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� �G�a�l�s� �1�-�3�G�a�l�s� �1�-�4�G�I�c�N�A�c� �(�2�,� �1�0�,� �1�1�)�.� �T�h�e� �u�s�e� �o�f� �G�a�k�1�-� 

�3�G�a�l�p� �1�-�4�G�I�c�N�A�c� �a�s� �a� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�c�e�p�t�o�r� �f�o�r� �t�o�x�i�n� �A� �w�a�s� �s�u�g�g�e�s�t�e�d� �b�y� �t�h�e� 

�o�b�s�e�r�v�a�t�i�o�n� �t�h�a�t� �t�h�e� �c�e�l�l� �l�i�n�e�s� �E�A�T�,� �3�T�3�,� �F�9�,� �O�T�F�9�-�6�3�,� �a�n�d� �P�1�9�,� �w�h�i�c�h� �e�x�p�r�e�s�s� 

�G�a�h� �1�-�3�G�a�l�e� �1�-�4�G�l�c�N�A�c� �(�4�,� �7�,� �8�)�,� �w�e�r�e� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �t�o�x�i�n� �A� �t�h�a�n� �w�e�r�e� �c�e�l�l� 

�l�i�n�e�s� �t�h�a�t� �d�o� �n�o�t� �e�x�p�r�e�s�s� �t�h�i�s� �c�a�r�b�o�h�y�d�r�a�t�e� �(�i�.�e�.� �C�H�O� �a�n�d� �P�A�1�)� �(�F�i�g�u�r�e� �1�)�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �t�o� �t�o�x�i�n� �A� �(�P�C�G�-�4�)� �r�e�d�u�c�e�d� �t�h�e� �c�y�t�o�t�o�x�i�c� 

�a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �t�h�e� �c�e�l�l� �l�i�n�e�s� �t�h�a�t� �e�x�p�r�e�s�s� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� �r�e�c�e�p�t�o�r�,� �b�u�t� �d�i�d� 

�n�o�t� �a�f�f�e�c�t� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �c�e�l�l� �l�i�n�e�s� �t�h�a�t� �d�o� �n�o�t� �e�x�p�r�e�s�s� �G�a�k�1�-� 

�3�G�a�l�p� �1�-�4�G�I�c�N�A�c� �(�F�i�g�u�r�e� �2�)�.� �H�o�w�e�v�e�r�,� �t�w�o� �o�t�h�e�r� �c�e�l�l� �l�i�n�e�s� �(�i�.�e�.�,� �C�a�C�o�2� �a�n�d� �T�8�4�)� 

�t�h�a�t� �s�h�o�u�l�d� �n�o�t� �e�x�p�r�e�s�s� �G�a�k� �1�-�3�G�a�l�s� �1�-�4�G�I�c�N�A�c� �(�8�)� �w�e�r�e� �a�l�s�o� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� 

�t�o�x�i�n� �A� �t�h�a�n� �w�e�r�e� �t�h�e� �C�H�O� �a�n�d� �P�A�I� �c�e�l�l� �l�i�n�e�s�.� �P�C�G�-�4� �a�l�s�o� �r�e�d�u�c�e�d� �t�h�e� 

�c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �t�h�e� �T�8�4� �c�e�l�l� �l�i�n�e�.� �T�h�i�s� �s�u�g�g�e�s�t�e�d� �t�o� �m�e� �t�h�a�t� �t�o�x�i�n� 

�A� �h�a�d� �a� �r�e�c�e�p�t�o�r� �o�t�h�e�r� �t�h�a�n� �G�a�l�r� �1�-�3�G�a�l�¢� �1�-�4�G�I�c�N�A�c�.� 

�T�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �o�n� �s�p�e�c�i�f�i�c� �c�e�l�l� �l�i�n�e�s� �s�u�g�g�e�s�t�e�d� �a� �p�o�s�s�i�b�l�e� 

�a�l�t�e�r�n�a�t�i�v�e� �r�e�c�e�p�t�o�r� �f�o�r� �t�h�e� �t�o�x�i�n�.� �T�h�e� �c�e�l�l� �l�i�n�e�s� �t�h�a�t� �e�x�p�r�e�s�s�e�d� �G�a�l� �1�-�3�G�a�l� �1�-� 

�4�G�I�c�N�A�c� �c�o�u�l�d� �b�e� �s�e�p�a�r�a�t�e�d� �i�n�t�o� �t�w�o� �g�r�o�u�p�s� �b�a�s�e�d� �o�n� �t�h�e�i�r� �r�e�l�a�t�i�v�e� �s�e�n�s�i�t�i�v�i�t�y� �t�o� 

�t�o�x�i�n� �A� �w�i�t�h� �t�h�e� �E�A�T� �a�n�d� �3�T�3� �c�e�l�l� �l�i�n�e�s� �b�e�i�n�g� �l�e�s�s� �s�e�n�s�i�t�i�v�e� �t�o� �t�o�x�i�n� �A� �t�h�a�n� �t�h�e� 

�F�9�,� �O�T�F�9�-�6�3�,� �a�n�d� �P�1�9� �c�e�l�l� �l�i�n�e�s�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �a�l�l� �t�h�e� �c�e�l�l� �l�i�n�e�s� �i�n� �t�h�e� �l�a�t�t�e�r� 

�g�r�o�u�p� �w�e�r�e� �m�o�u�s�e� �t�e�r�a�t�o�c�a�r�c�i�n�o�m�a�s� �(�t�h�e� �o�r�i�g�i�n� �o�f� �e�a�c�h� �c�e�l�l� �l�i�n�e� �i�s� �s�u�m�m�a�r�i�z�e�d� �i�n� 

�T�a�b�l�e� �1�)� �w�h�i�c�h� �e�x�p�r�e�s�s� �l�a�r�g�e� �a�m�o�u�n�t�s� �o�f� �G�a�l�s� �1�-�4�(�F�u�c�:� �1�-�3�)�G�I�c�N�A�c� �(�9�,� �1�6�)�,� 

�w�h�e�r�e�a�s� �t�h�e� �E�A�T� �a�n�d� �3�T�3� �c�e�l�l� �l�i�n�e�s� �d�o� �n�o�t� �e�x�p�r�e�s�s� �t�h�i�s� �c�a�r�b�o�h�y�d�r�a�t�e�.� �T�h�i�s



�9�6� 

�s�u�g�g�e�s�t�e�d� �t�h�a�t� �G�a�l�s� �1�-�4�(�F�u�m� �1�-�3�)�G�l�c�N�A�c� �c�o�u�l�d� �b�e� �a�c�t�i�n�g� �a�s� �a� �r�e�c�e�p�t�o�r� �f�o�r� �t�o�x�i�n� 

�A�.� �F�u�r�t�h�e�r�,� �G�a�l�s� �1�-�4�(�F�u�a� �1�-�3�)�G�I�c�N�A�c� �(�i�.�e�.�,� �X� �a�n�t�i�g�e�n�)� �i�s� �a�l�s�o� �o�n� �t�h�e� �m�e�m�b�r�a�n�e� 

�o�f� �T�8�4� �a�n�d� �C�a�C�o�2� �c�e�l�l�s� �a�s� �p�a�r�t� �o�f� �t�h�e� �g�l�y�c�o�p�r�o�t�e�i�n� �c�a�r�c�i�n�o�e�m�b�r�y�o�n�i�c� �a�n�t�i�g�e�n� �(�3�)�.� 

�T�h�u�s� �t�h�i�s� �w�a�s� �t�h�e� �f�i�r�s�t� �s�u�g�g�e�s�t�i�v�e� �e�v�i�d�e�n�c�e� �t�h�a�t� �t�h�e� �X� �a�n�t�i�g�e�n� �m�a�y� �b�e� �a� �r�e�c�e�p�t�o�r� 

�f�o�r� �t�o�x�i�n� �A� �o�n� �h�u�m�a�n� �c�o�l�o�n�i�c� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s�.
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�C�H�O� �P�A�I� �E�A�T� �T�8�4� �P�1�9� �F�9� �O�T�F�9 ��6�3� 

�C�e�l�l� �L�i�n�e�s� 

�F�i�g�u�r�e� �2�.� �N�e�u�t�r�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�f� �t�o�x�i�n� �A� �b�y� �P�C�G�-�4� �o�n� �s�e�l�e�c�t�e�d� 

�c�e�l�l� �l�i�n�e�s�.
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�T�a�b�l�e� �1�.� �O�r�i�g�i�n� �o�f� �c�e�l�l� �l�i�n�e�s� 
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�C�e�l�l� �l�i�n�e� �D�e�r�i�v�e�d� �f�r�o�m�:� 

�C�H�O� �C�h�i�n�e�s�e� �h�a�m�s�t�e�r� �o�v�a�r�y� �t�u�m�o�r� 

�P�A�1� �H�u�m�a�n� �o�v�a�r�y� �t�u�m�o�r� �(�h�u�m�a�n� �t�e�r�a�t�o�c�a�r�c�i�n�o�m�a�)� 

�T�I�B�8�5� �M�o�u�s�e� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� 

�E�A�T� �M�o�u�s�e� �a�s�c�i�t�e�s� �t�u�m�o�r� 

�3�T�3� �M�o�u�s�e� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� 

�T�8�4� �H�u�m�a�n� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m� �t�u�m�o�r� 

�C�a�C�o�2� �H�u�m�a�n� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m� �t�u�m�o�r� 

�P�1�9� �M�o�u�s�e� �e�m�b�r�y�o� �(�m�o�u�s�e� �t�e�r�a�t�o�c�a�r�c�i�n�o�m�a�)� 

�F�9� �C�e�l�l� �l�i�n�e� �O�T�T� �6�0�5�0� �(�m�o�u�s�e� �t�e�r�a�t�o�c�a�r�c�i�n�o�m�a�)� 

�O�T�F�9�-�6�3� �C�e�l�l� �l�i�n�e� �F�9� �(�m�o�u�s�e� �t�e�r�a�t�o�c�a�r�c�i�n�o�m�a�)� 

� 



�1�0�0� 

�T�h�e� �g�e�n�e� �f�o�r� �t�o�x�i�n� �A� �h�a�s� �b�e�e�n� �c�l�o�n�e�d� �a�n�d� �s�e�q�u�e�n�c�e�d� �(�6�)�.� �T�h�e� �3 �� �e�n�d� �o�f� 

�t�h�i�s� �g�e�n�e� �c�o�d�e�s� �f�o�r� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� �b�i�n�d�i�n�g� �p�o�r�t�i�o�n� �o�f� �t�o�x�i�n� �A� �(�1�7�)�.� 

�I�n�t�e�r�e�s�t�i�n�g�l�y�,� �t�h�e� �3 �� �e�n�d� �o�f� �t�h�e� �t�o�x�i�n� �A� �g�e�n�e� �s�h�o�w�s� �a� �s�t�r�i�k�i�n�g� �i�d�e�n�t�i�t�y� �(�i�.�e�.�,� �g�r�e�a�t�e�r� 

�t�h�a�n� �5�0�%�)� �w�i�t�h� �t�h�e� �3 �� �e�n�d� �o�f� �t�h�e� �t�o�x�i�n� �B� �g�e�n�e�,� �w�h�i�c�h� �h�a�s� �a�l�s�o� �b�e�e�n� �c�l�o�n�e�d� �a�n�d� 

�s�e�q�u�e�n�c�e�d� �(�L�i�s�a� �B�a�r�r�o�s�o�,� �p�e�r�s�o�n�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n�)�.� �T�h�e� �s�i�m�i�l�a�r�i�t�y� �b�e�t�w�e�e�n� �t�o�x�i�n� 

�A� �a�n�d� �t�o�x�i�n� �B� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�o�x�i�n� �B� �a�l�s�o� �m�a�y� �h�a�v�e� �a� �c�a�r�b�o�h�y�d�r�a�t�e� �r�e�c�e�p�t�o�r� �t�h�a�t� 

�c�o�u�l�d� �b�e� �v�e�r�y� �s�i�m�i�l�a�r� �t�o� �t�h�e� �r�e�c�e�p�t�o�r� �f�o�r� �t�o�x�i�n� �A�.� �H�o�w�e�v�e�r�,� �s�i�n�c�e� �t�o�x�i�n� �B� �h�a�s� �a� 

�h�i�g�h� �c�y�t�o�t�o�x�i�c� �a�c�t�i�v�i�t�y� �o�n� �a�l�m�o�s�t� �e�v�e�r�y� �c�e�l�l� �l�i�n�e� �t�e�s�t�e�d�,� �t�h�e� �r�e�c�e�p�t�o�r� �f�o�r� �t�o�x�i�n� �B� 

�m�u�s�t� �b�e� �u�b�i�q�u�i�t�o�u�s�.� �E�v�e�n� �s�o�,� �i�t� �i�s� �i�n�t�e�r�e�s�t�i�n�g� �t�o� �n�o�t�e� �t�h�a�t� �t�h�e� �o�n�l�y� �c�e�l�l� �l�i�n�e� �t�h�a�t� 

�w�a�s� �r�e�l�a�t�i�v�e�l�y� �i�n�s�e�n�s�i�t�i�v�e� �t�o� �t�o�x�i�n� �B� �w�a�s� �t�h�e� �T�8�4� �c�e�l�l� �l�i�n�e�,� �w�h�i�c�h� �i�s� �d�e�r�i�v�e�d� �f�r�o�m� 

�h�u�m�a�n� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m�,� �a�n�d� �t�o�x�i�n� �B� �h�a�s� �l�i�t�t�l�e� �o�r� �n�o� �a�c�t�i�v�i�t�y� �o�n� �i�n�t�a�c�t� 

�i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m� �i�n� �v�i�v�o� �(�1�3�,� �1�4�,� �1�9�,� �2�0�)�.
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�L�I�T�E�R�A�T�U�R�E� �C�I�T�E�D� 

�1� �B�r�a�d�f�o�r�d�,� �M�.� �M�.�,� �1�9�7�6�.� �A� �r�a�p�i�d� �a�n�d� �s�e�n�s�i�t�i�v�e� �m�e�t�h�o�d� �f�o�r� �t�h�e� �q�u�a�n�t�i�t�a�t�i�o�n� 
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�1�0�4� 

�A�B�S�T�R�A�C�T� 

�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �c�a�u�s�e�s� �p�s�e�u�d�o�m�e�m�b�r�a�n�o�u�s� �c�o�l�i�t�i�s� �i�n� �h�u�m�a�n�s�.� �T�h�e� �e�n�t�e�r�o�t�o�x�i�n� 

�(�i�.�e�.�,� �t�o�x�i�n� �A�)� �f�r�o�m� �t�h�i�s� �o�r�g�a�n�i�s�m� �i�s� �b�e�l�i�e�v�e�d� �t�o� �b�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �i�n�i�t�i�a�l� 

�i�n�t�e�s�t�i�n�a�l� �p�a�t�h�o�l�o�g�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�i�s� �d�i�s�e�a�s�e�.� �P�r�e�v�i�o�u�s� �w�o�r�k� �s�h�o�w�s� �t�h�i�s� �t�o�x�i�n� 

�b�i�n�d�s� �t�o� �c�a�r�b�o�h�y�d�r�a�t�e�s� �t�h�a�t� �c�o�n�t�a�i�n� �G�a�l� �1�-�3�G�a�l�s� �1�-�4�G�l�c�N�A�c�.� �H�o�w�e�v�e�r�,� �t�h�i�s� 

�c�a�r�b�o�h�y�d�r�a�t�e� �i�s� �n�o�t� �p�r�e�s�e�n�t� �o�n� �n�o�r�m�a�l� �h�u�m�a�n� �c�e�l�l�s�.� �T�h�e�r�e�f�o�r�e�,� �t�h�i�s� �s�t�u�d�y� �w�a�s� 

�u�n�d�e�r�t�a�k�e�n� �t�o� �i�d�e�n�t�i�f�y� �p�o�t�e�n�t�i�a�l� �r�e�c�e�p�t�o�r�s� �f�o�r� �t�o�x�i�n� �A� �t�h�a�t� �d�o� �e�x�i�s�t� �o�n� �h�u�m�a�n� 

�i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�u�m�.� �I� �f�o�u�n�d� �t�h�a�t� �t�o�x�i�n� �A� �b�o�u�n�d� �t�o� �t�h�e� �c�a�r�b�o�h�y�d�r�a�t�e� �a�n�t�i�g�e�n�s� 

�d�e�s�i�g�n�a�t�e�d� �I�,� �X�,� �a�n�d� �Y�.� �E�a�c�h� �o�f� �t�h�e�s�e� �c�a�r�b�o�h�y�d�r�a�t�e�s� �e�x�i�s�t� �o�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� 

�e�p�i�t�h�e�l�i�u�m� �o�f� �h�u�m�a�n�s�.



�1�0�5� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �i�s� �o�n�e� �o�f� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �c�a�u�s�e�s� �o�f� �b�a�c�t�e�r�i�a�l� �d�i�a�r�r�h�e�a� 

�a�n�d� �c�o�l�i�t�i�s� �a�m�o�n�g� �h�o�s�p�i�t�a�l�i�z�e�d� �p�a�t�i�e�n�t�s�.� �T�h�e� �o�r�g�a�n�i�s�m� �c�a�n� �n�o�t� �c�o�m�p�e�t�e� 

�s�u�c�c�e�s�s�f�u�l�l�y� �w�i�t�h� �t�h�e� �n�o�r�m�a�l� �m�i�c�r�o�f�l�o�r�a� �o�f� �t�h�e� �a�d�u�l�t� �c�o�l�o�n�,� �b�u�t� �c�a�n� �g�r�o�w� �t�o� �h�i�g�h� 

�n�u�m�b�e�r�s� �w�h�e�n� �t�h�e� �c�o�l�o�n�i�c� �f�l�o�r�a� �h�a�s� �b�e�e�n� �d�i�s�t�u�r�b�e�d� �b�y� �a�n�t�i�b�i�o�t�i�c� �t�r�e�a�t�m�e�n�t�s� 

�(�5�1�,�6�3�)�.� �C�.� �d�i�f�f�i�c�i�l�e� �t�h�e�n� �k�e�e�p�s� �t�h�e� �c�o�l�o�n�i�c� �f�l�o�r�a� �f�r�o�m� �r�e�e�s�t�a�b�l�i�s�h�i�n�g� �b�y� �p�r�o�d�u�c�i�n�g� 

�a�n� �e�n�t�e�r�o�t�o�x�i�n�,� �t�o�x�i�n� �A�,� �w�h�i�c�h� �c�a�u�s�e�s� �d�e�s�t�r�u�c�t�i�o�n� �o�f� �t�h�e� �c�o�l�o�n�i�c� �e�p�i�t�h�e�l�i�u�m� 

�r�e�s�u�l�t�i�n�g� �i�n� �f�l�u�i�d� �s�e�c�r�e�t�i�o�n� �i�n�t�o� �t�h�e� �i�n�t�e�s�t�i�n�e� �(�3�8�,� �3�9�,� �4�1�)�.� �A� �s�e�c�o�n�d� �t�o�x�i�n� 

�p�r�o�d�u�c�e�d� �b�y� �C�.� �d�i�f�f�i�c�i�l�e�,� �t�o�x�i�n� �B�,� �h�a�s� �n�o� �e�f�f�e�c�t� �o�n� �u�n�d�i�s�t�u�r�b�e�d� �i�n�t�e�s�t�i�n�a�l� 

�e�p�i�t�h�e�l�i�u�m�,� �b�u�t� �i�s� �a�n� �e�x�t�r�e�m�e�l�y� �a�c�t�i�v�e� �c�y�t�o�t�o�x�i�n� �o�n� �n�o�n�-�e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �(�3�,� �3�8�,� �3�9�,� 

�5�5�,� �5�6�,� �5�8�)�.� �T�h�i�s� �t�o�x�i�n� �m�a�y� �g�a�i�n� �a�c�c�e�s�s� �t�o� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �c�e�l�l�s� �t�h�r�o�u�g�h� �t�h�e� 

�d�e�s�t�r�u�c�t�i�v�e� �a�c�t�i�o�n� �o�f� �t�o�x�i�n� �A� �o�n� �t�h�e� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s� �(�3�9�)�.� �H�a�m�s�t�e�r�s� �a�r�e� �t�h�e� �m�o�s�t� 

�s�u�s�c�e�p�t�i�b�l�e� �l�a�b�o�r�a�t�o�r�y� �a�n�i�m�a�l� �t�o� �t�h�i�s� �d�i�s�e�a�s�e� �a�n�d� �i�n� �t�h�e�s�e� �a�n�i�m�a�l�s� �t�h�e� �t�w�o� �t�o�x�i�n�s� 

�s�e�e�m� �t�o� �a�c�t� �s�y�n�e�r�g�i�s�t�i�c�a�l�l�y�.� �T�o�x�i�n� �B� �a�l�o�n�e� �h�a�s� �n�o� �e�f�f�e�c�t� �w�h�e�n� �g�i�v�e�n� �o�r�a�l�l�y� �t�o� 

�h�a�m�s�t�e�r�s�,� �b�u�t� �k�i�l�l�s� �t�h�e�m� �w�h�e�n� �i�t� �i�s� �c�o�m�b�i�n�e�d� �w�i�t�h� �s�u�b�l�e�t�h�a�l� �a�m�o�u�n�t�s� �o�f� �t�o�x�i�n� �A� 

�(�3�9�)�.� 

�A�n� �e�n�t�e�r�o�t�o�x�i�n� �m�u�s�t� �b�i�n�d� �t�o� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s�,� �a�n�d� �t�o�x�i�n�s� �o�f�t�e�n� 

�a�c�c�o�m�p�l�i�s�h� �t�h�i�s� �b�y� �b�i�n�d�i�n�g� �t�o� �s�p�e�c�i�f�i�c� �c�a�r�b�o�h�y�d�r�a�t�e� �s�t�r�u�c�t�u�r�e�s� �o�n� �t�h�e� �m�e�m�b�r�a�n�e� 

�o�f� �t�h�e� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s�.� �P�r�e�v�i�o�u�s� �w�o�r�k� �f�r�o�m� �t�h�i�s� �l�a�b�o�r�a�t�o�r�y� �h�a�s� �s�h�o�w�n� �t�h�a�t� �t�o�x�i�n� �A� 

�b�i�n�d�s� �t�o� �a� �t�r�i�s�a�c�c�h�a�r�i�d�e� �(�G�a�l� �1�-�3�G�a�l�s� �1�-�4�G�l�c�N�A�c�)� �w�h�i�c�h� �o�c�c�u�r�s� �i�n� �l�a�r�g�e� �a�m�o�u�n�t�s� 

�o�n� �t�h�e� �i�n�t�e�s�t�i�n�a�l� �c�e�l�l�s� �o�f� �h�a�m�s�t�e�r�s� �(�1�1�,� �3�2�)�.� �H�a�m�s�t�e�r�s� �c�a�n� �b�e� �p�r�o�t�e�c�t�e�d� �f�r�o�m� �t�h�i�s� 

�d�i�s�e�a�s�e� �b�y� �i�m�m�u�n�i�z�i�n�g� �t�h�e�m� �w�i�t�h� �a� �r�e�c�o�m�b�i�n�a�n�t� �p�e�p�t�i�d�e� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �t�h�e



�1�0�6� 

�c�a�r�b�o�h�y�d�r�a�t�e� �b�i�n�d�i�n�g� �p�o�r�t�i�o�n� �o�f� �t�o�x�i�n� �A� �(�1�4�)�.� �T�h�i�s� �r�e�c�o�m�b�i�n�a�n�t� �p�r�o�t�e�i�n� �c�o�n�t�a�i�n�s� 

�r�e�p�e�a�t�i�n�g� �a�m�i�n�o� �a�c�i�d� �d�o�m�a�i�n�s� �w�h�i�c�h� �b�i�n�d� �m�u�l�t�i�p�l�e� �c�o�p�i�e�s� �o�f� �t�h�e� �t�r�i�s�a�c�c�h�a�r�i�d�e� 

�r�e�c�e�p�t�o�r� �f�o�r� �t�h�e� �t�o�x�i�n� �(�1�4�,� �4�9�)�.� �R�e�c�e�n�t�l�y�,� �I� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �c�e�l�l� �l�i�n�e�s� �w�h�i�c�h� 

�e�x�p�r�e�s�s� �l�a�r�g�e� �a�m�o�u�n�t�s� �o�f� �t�h�i�s� �c�a�r�b�o�h�y�d�r�a�t�e� �o�n� �t�h�e�i�r� �c�e�l�l� �m�e�m�b�r�a�n�e�s� �a�r�e� �m�o�r�e� 

�s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� �c�y�t�o�t�o�x�i�c� �a�c�t�i�o�n� �o�f� �t�o�x�i�n� �A� �t�h�a�n� �o�t�h�e�r� �c�e�l�l� �l�i�n�e�s� �(�5�9�,� �6�3�)�.� �T�h�i�s� 

�e�v�i�d�e�n�c�e� �t�a�k�e�n� �t�o�g�e�t�h�e�r� �l�e�d� �m�e� �t�o� �s�p�e�c�u�l�a�t�e� �t�h�a�t� �G�a�l� �1�-�3�G�a�l�p� �1�-�4�G�I�c�N�A�c� �w�a�s� �t�h�e� 

�b�i�o�l�o�g�i�c�a�l� �r�e�c�e�p�t�o�r� �f�o�r� �t�o�x�i�n� �A� �i�n� �h�u�m�a�n�s� �a�s� �w�e�l�l� �a�s� �h�a�m�s�t�e�r�s�.� 

�A� �s�e�a�r�c�h� �o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �r�e�v�e�a�l�e�d� �t�h�a�t� �t�h�e�r�e� �w�a�s� �a� �p�r�o�b�l�e�m� �w�i�t�h� �t�h�i�s� 

�p�o�s�t�u�l�a�t�e�.� �N�o�r�m�a�l� �h�u�m�a�n� �c�e�l�l�s� �d�o� �n�o�t� �e�x�p�r�e�s�s� �t�h�i�s� �t�r�i�s�a�c�c�h�a�r�i�d�e� �(�1�8�)�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �m�o�s�t� �p�e�o�p�l�e� �p�r�o�d�u�c�e� �a�n�t�i�b�o�d�i�e�s� �a�g�a�i�n�s�t� �t�h�i�s� �c�a�r�b�o�h�y�d�r�a�t�e� �(�1�9�)�.� 

�P�r�e�l�i�m�i�n�a�r�y� �e�x�p�e�r�i�m�e�n�t�s� �s�h�o�w�e�d� �t�h�a�t� �t�o�x�i�n� �A� �d�i�d� �b�i�n�d� �t�o� �h�u�m�a�n� �i�n�t�e�s�t�i�n�a�l� 

�e�p�i�t�h�e�l�i�u�m�;� �t�h�e�r�e�f�o�r�e�,� �I� �s�t�a�r�t�e�d� �t�o� �t�e�s�t� �f�o�r� �t�h�e� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �c�a�r�b�o�h�y�d�r�a�t�e� 

�s�t�r�u�c�t�u�r�e�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �e�x�i�s�t� �o�n� �h�u�m�a�n� �i�n�t�e�s�t�i�n�a�l� �m�u�c�o�s�a�.� �T�h�e� �f�i�r�s�t� 

�s�t�r�u�c�t�u�r�e� �I� �t�e�s�t�e�d� �w�a�s� �a� �c�a�r�b�o�h�y�d�r�a�t�e� �(�G�a�l�s� �1�-�4�[�F�u�m� �1�-�3�]�G�l�c�N�A�c�)� �w�h�i�c�h� �a�p�p�e�a�r�e�d� 

�t�o� �b�e� �c�o�n�f�o�r�m�a�t�i�o�n�a�l�l�y� �s�i�m�i�l�a�r� �t�o� �t�h�e� �r�e�p�o�r�t�e�d� �r�e�c�e�p�t�o�r� �f�o�r� �t�o�x�i�n� �A� �(�G�a�l�1�-� 

�3�G�a�l�p�1�-�4�G�I�l�c�N�A�c�)�.� �I� �f�o�u�n�d� �t�h�a�t� �t�o�x�i�n� �A� �b�o�u�n�d� �t�o� �t�h�i�s� �c�a�r�b�o�h�y�d�r�a�t�e�,� �a�n�d� �t�h�i�s� 

�f�i�n�d�i�n�g� �l�e�a�d� �t�o� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�w�o� �o�t�h�e�r� �o�l�i�g�o�s�a�c�c�h�a�r�i�d�e�s� �w�h�i�c�h� �b�i�n�d� �t�o�x�i�n� 

�A�.� �I� �r�e�p�o�r�t� �h�e�r�e� �t�h�a�t� �t�o�x�i�n� �A� �b�i�n�d�s� �t�o� �t�h�r�e�e� �w�e�l�l� �d�e�s�c�r�i�b�e�d� �c�a�r�b�o�h�y�d�r�a�t�e�s� �w�h�i�c�h� 

�e�x�i�s�t� �o�n� �h�u�m�a�n� �i�n�t�e�s�t�i�n�a�l� �e�p�i�t�h�e�l�i�a�l� �c�e�l�l�s�:� �t�h�e� �I�,� �X�,� �a�n�d� �Y� �a�n�t�i�g�e�n�s�.



�1�0�7� 

�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�B�i�o�c�h�e�m�i�c�a�l�s�:� �C�a�r�b�o�h�y�d�r�a�t�e�s� �i�s�o�l�a�t�e�d� �f�r�o�m� �h�u�m�a�n� �m�i�l�k� �a�n�d� �c�h�e�m�i�c�a�l�l�y� 

�c�o�n�j�u�g�a�t�e�d� �t�o� �h�u�m�a�n� �s�e�r�u�m� �a�l�b�u�m�i�n� �(�H�S�A�)� �w�e�r�e� �k�i�n�d�l�y� �p�r�o�v�i�d�e�d� �b�y� �D�r�.� �H�o�w�a�r�d� 

�K�r�i�v�a�n� �o�f� �B�i�o�C�a�r�b� �C�h�e�m�i�c�a�l�s�,� �o�r� �w�e�r�e� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �B�i�o�C�a�r�b� �C�h�e�m�i�c�a�l�s� �(�L�u�n�d�,� 

�S�w�e�d�e�n�)�.� �S�e�e� �T�a�b�l�e� �1� �f�o�r� �a� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �o�l�i�g�o�s�a�c�c�h�a�r�i�d�e�s� �a�n�d� �t�h�e�i�r� �n�a�m�e�s�.� 

�I�n� �o�r�d�e�r� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�o�x�i�n� �A� �f�r�o�m� �C�l�o�s�t�r�i�d�i�u�m� �d�i�f�f�i�c�i�l�e� �b�o�u�n�d� �t�o� �t�h�e�s�e� 

�o�l�i�g�o�s�a�c�c�h�a�r�i�d�e�-�H�S�A� �c�o�n�j�u�g�a�t�e�s�,� �I� �p�r�e�f�o�r�m�e�d� �t�w�o� �a�s�s�a�y�s�:� �c�r�o�s�s�e�d� 

�i�m�m�u�n�o�e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �(�I�E�P�)�,� �a�n�d� �e�n�z�y�m�e� �l�i�n�k�e�d� �i�m�m�u�n�o�s�o�r�b�e�n�t� �a�s�s�a�y� �(�E�L�I�S�A�)� 

�a�s� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w�.� �I� �a�l�s�o� �a�s�s�a�y�e�d� �t�h�e� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �b�o�v�i�n�e� �t�h�y�r�o�g�l�o�b�u�l�i�n� 

�(�S�i�g�m�a� �C�h�e�m�i�c�a�l� �C�o�.�,� �S�t�.� �L�o�u�i�s�,� �M�o�.�)�,� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �G�a�l�s� �1�-�3�G�a�l�e� �1�-�4�G�I�c�N�A�c� 

�(�5�3�)�,� �a�n�d� �t�o� �t�h�e� �f�o�l�l�o�w�i�n�g� �h�u�m�a�n� �p�r�o�t�e�i�n�s�:� �s�e�c�r�e�t�o�r�y� �c�o�m�p�o�n�e�n�t� �(�C�h�e�m�i�c�o�n�,� 

�T�e�m�e�c�u�l�a�,� �C�a�l�i�f�.�)� �a�n�d� �c�a�r�c�i�n�o�e�m�b�r�y�o�n�i�c� �a�n�t�i�g�e�n� �(�C�E�A�)� �(�C�a�l�b�i�o�c�h�e�m�,� �S�a�n� �D�i�e�g�o�,� 

�C�a�l�i�f�.�)�,� �w�h�i�c�h� �c�o�n�t�a�i�n� �t�h�e� �X� �a�n�t�i�g�e�n� �(�9�,� �4�5�)�.� 

�T�o�x�i�n� �p�u�r�i�f�i�c�a�t�i�o�n�:� �C�.� �d�i�f�f�i�c�i�l�e� �V�P�I� �1�0�4�6�3� �w�a�s� �g�r�o�w�n� �i�n� �d�i�a�l�y�s�i�s� �c�u�l�t�u�r�e�s� �(�5�5�)�.� 

�C�u�l�t�u�r�e� �f�i�l�t�r�a�t�e� �w�a�s� �p�r�e�p�a�r�e�d� �b�y� �f�i�l�t�e�r�i�n�g� �t�h�e� �c�o�n�t�e�n�t�s� �o�f� �t�h�e� �d�i�a�l�y�s�i�s� �s�a�c� �w�i�t�h� �a� 

�0�.�4�5� �u�m� �p�o�r�e� �s�i�z�e� �f�i�l�t�e�r�.� �T�o�x�i�n� �A� �w�a�s� �p�u�r�i�f�i�e�d� �f�r�o�m� �t�h�e� �c�u�l�t�u�r�e� �f�i�l�t�r�a�t�e� �b�y� �a�f�f�i�n�i�t�y� 

�c�h�r�o�m�a�t�o�g�r�a�p�h�y� �u�s�i�n�g� �i�m�m�o�b�i�l�i�z�e�d� �b�o�v�i�n�e� �t�h�y�r�o�g�l�o�b�u�l�i�n� �(�3�3�)�.� �T�h�e� �t�o�x�i�n� �w�a�s� 

�d�e�t�e�r�m�i�n�e�d� �t�o� �b�e� �h�o�m�o�g�e�n�o�u�s� �u�s�i�n�g� �p�r�o�c�e�d�u�r�e�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �(�5�5�)�.� �T�h�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�o�x�i�n� �A� �w�a�s� �e�s�t�i�m�a�t�e�d� �u�s�i�n�g� �t�h�e� �m�e�t�h�o�d� �o�f� �B�r�a�d�f�o�r�d� �(�7�)� �w�i�t�h� 

�b�o�v�i�n�e� �g�a�m�m�a� �g�l�o�b�u�l�i�n� �a�s� �t�h�e� �s�t�a�n�d�a�r�d�.� 

�A�n�t�i�s�e�r�u�m�:� �A�n�t�i�s�e�r�u�m� �t�o� �c�u�l�t�u�r�e� �f�i�l�t�r�a�t�e� �o�f� �C�.� �d�i�f�f�i�c�i�l�e� �w�a�s� �p�r�e�p�a�r�e�d� �i�n� �g�o�a�t�s� �(�1�5�)�.� 

�A�f�f�i�n�i�t�y� �p�u�r�i�f�i�e�d� �a�n�t�i�b�o�d�y� �t�o� �t�o�x�i�n� �A� �w�a�s� �p�r�e�p�a�r�e�d� �a�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �(�4�2�)�.



�1�0�8� 

�T�h�e� �a�f�f�i�n�i�t�y� �p�u�r�i�f�i�e�d� �a�n�t�i�b�o�d�y� �t�o� �t�h�e� �t�o�x�i�n� �w�a�s� �b�i�o�t�i�n�y�l�a�t�e�d� �w�i�t�h� 

�b�i�o�t�i�n�a�m�i�d�o�c�a�p�r�o�a�t�e� �N�-�h�y�d�r�o�x�y�s�u�c�c�i�n�i�m�i�d�e� �e�s�t�e�r� �(�S�i�g�m�a� �C�h�e�m�i�c�a�l� �C�o�.�)� �(�2�3�)�.� �T�h�e� 

�b�i�o�t�i�n�-�a�n�t�i�b�o�d�y� �c�o�n�j�u�g�a�t�e� �w�a�s� �u�s�e�d� �a�t� �a� �1�:�1�0�0�0� �d�i�l�u�t�i�o�n�.� 

�I�E�P�:� �T�h�e� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �g�l�y�c�o�p�r�o�t�e�i�n�s� �w�a�s� �a�s�s�a�y�e�d� �u�s�i�n�g� �c�r�o�s�s�e�d� 

�i�m�m�u�n�o�e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �(�3�2�)� �b�y� �m�i�x�i�n�g� �1�0�0� �u�g� �t�o�x�i�n� �A� �w�i�t�h� �5�0�0� �u�g�/�m�l� �o�f� 

�g�l�y�c�o�p�r�o�t�e�i�n�,� �a�n�d� �i�n�c�u�b�a�t�i�n�g� �o�n� �i�c�e� �f�o�r� �1�0� �m�i�n�u�t�e�s� �b�e�f�o�r�e� �l�o�a�d�i�n�g� �o�n� �t�h�e� �g�e�l�.� �T�h�e� 

�m�i�g�r�a�t�i�o�n� �o�f� �t�o�x�i�n� �A� �w�i�t�h� �t�h�e� �g�l�y�c�o�p�r�o�t�e�i�n� �w�a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �m�i�g�r�a�t�i�o�n� �o�f� 

�t�o�x�i�n� �A� �a�l�o�n�e�.� �I�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �t�h�e� �r�e�s�u�l�t�s� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �f�a�c�t� �t�h�a�t� �t�o�x�i�n� �A� 

�n�o�r�m�a�l�l�y� �m�i�g�r�a�t�e�s� �s�l�o�w�l�y� �i�n� �I�E�P�.� �I�f� �t�o�x�i�n� �A� �b�i�n�d�s� �t�o� �a� �g�l�y�c�o�p�r�o�t�e�i�n� �t�h�a�t� �m�i�g�r�a�t�e�s� 

�r�a�p�i�d�l�y� �o�n� �I�E�P�,� �t�h�e�n� �t�h�e� �b�o�u�n�d� �t�o�x�i�n� �w�i�l�l� �b�e� �p�u�l�l�e�d� �b�y� �t�h�e� �m�o�r�e� �r�a�p�i�d� �m�i�g�r�a�t�i�n�g� 

�g�l�y�c�o�p�r�o�t�e�i�n�,� �t�h�u�s� �c�a�u�s�i�n�g� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �m�i�g�r�a�t�i�o�n� �o�f� �t�o�x�i�n� �A� �o�n� �I�E�P�.� �I�f� 

�t�o�x�i�n� �A� �d�o�e�s� �n�o�t� �b�i�n�d� �t�o� �t�h�e� �g�l�y�c�o�p�r�o�t�e�i�n�,� �t�h�e�n� �t�h�e� �m�i�x�t�u�r�e� �d�o�e�s� �n�o�t� �a�f�f�e�c�t� �t�h�e� 

�m�i�g�r�a�t�i�o�n� �o�f� �t�h�e� �t�o�x�i�n�.� 

�E�L�I�S�A�:� �E�L�I�S�A� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �i�n� �I�m�m�u�l�o�n� �I�I� �9�6� �w�e�l�l� �m�i�c�r�o�t�i�t�e�r� �p�l�a�t�e�s� 

�(�D�y�n�a�t�e�c�h� �L�a�b�o�r�a�t�o�r�i�e�s�,� �I�n�c�.�,� �A�l�e�x�a�n�d�r�i�a�,� �V�a�.�)�.� �E�a�c�h� �w�e�l�l� �w�a�s� �c�o�a�t�e�d� �w�i�t�h� �1�5�0� �u�l� 

�o�f� �1�:�2� �s�e�r�i�a�l�l�y� �d�i�l�u�t�e�d� �g�l�y�c�o�p�r�o�t�e�i�n�,� �s�t�a�r�t�i�n�g� �a�t� �2�0� �n�g�/�m�l� �o�f� �g�l�y�c�o�p�r�o�t�e�i�n� �i�n� �5�0� �m�M� 

�c�a�r�b�o�n�a�t�e� �b�u�f�f�e�r� �(�p�H� �9�.�6�)�.� �P�l�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �1�6� �h�o�u�r�s� �a�t� �4�C� �t�h�e�n� �w�a�s�h�e�d� 

�t�w�i�c�e� �w�i�t�h� �P�B�S�-�T� �(�0�.�8�%� �N�a�C�l�,� �0�.�0�2�%� �K�H�,�P�O�,�,� �0�.�2�2�%� �N�a�,� �H�P�O�,�,� �0�.�0�2�%� �K�C�l�,� 

�0�.�0�5�%� �t�w�e�e�n� �2�0�,� �0�.�0�2�%� �N�a�N�,�,� �p�H� �7�.�4�)�.� �T�h�e� �p�l�a�t�e�s� �w�e�r�e� �b�l�o�c�k�e�d� �w�i�t�h� �0�.�5�%� 

�c�a�s�e�i�n� �i�n� �1�0�0� �m�M� �T�r�i�s�,� �1�5�0� �m�M� �N�a�C�l�,� �p�H� �7�.�0� �f�o�r� �1� �h�o�u�r� �a�t� �2�2�C� �a�n�d� �t�h�e�n� �w�e�r�e� 

�w�a�s�h�e�d� �t�w�i�c�e� �w�i�t�h� �P�B�S�-�T�.� �T�o� �e�a�c�h� �w�e�l�l� �w�a�s� �a�d�d�e�d� �1�0�0� �u�l� �o�f� �t�o�x�i�n� �A� �a�t� �1�0� �»�g�/�m�l� 

�i�n� �P�B�S�-�T�.� �T�h�e� �p�l�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �a�t� �e�i�t�h�e�r� �4�C� �o�r� �a�t� �3�7�C� �f�o�r� �3� �h�o�u�r�s�.� �A�f�t�e�r� 

�t�h�i�s� �s�t�e�p�,� �a�l�l� �b�u�f�f�e�r�s� �w�e�r�e� �a�t� �4�C� �a�n�d� �a�l�l� �t�r�e�a�t�m�e�n�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �i�n� �a� �4�C� �c�o�l�d



�1�0�9� 

�r�o�o�m�,� �u�n�l�e�s�s� �o�t�h�e�r�w�i�s�e� �s�t�a�t�e�d�.� �T�h�e� �p�l�a�t�e�s� �w�e�r�e� �w�a�s�h�e�d� �t�w�i�c�e� �w�i�t�h� �P�B�S�-�T�,� �a�n�d� 

�1�0�0� �w�l� �o�f� �a� �1�:�1�0�0�0� �d�i�l�u�t�i�o�n� �o�f� �b�i�o�t�i�n�y�l�a�t�e�d� �a�n�t�i�b�o�d�y� �t�o� �t�o�x�i�n� �A� �i�n� �P�B�S�-�T� �w�a�s� 

�a�d�d�e�d� �t�o� �e�a�c�h� �w�e�l�l�,� �a�n�d� �w�a�s� �i�n�c�u�b�a�t�e�d� �f�o�r� �1� �h�o�u�r�.� �T�h�e� �p�l�a�t�e�s� �w�e�r�e� �w�a�s�h�e�d� �t�w�i�c�e� 

�w�i�t�h� �P�B�S�-�T�,� �a�n�d� �1�0�0� �u�l� �o�f� �0�.�1� �U�/�m�l� �o�f� �a�l�k�a�l�i�n�e� �p�h�o�s�p�h�a�t�a�s�e� �c�o�n�j�u�g�a�t�e�d� �t�o� �a�v�i�d�i�n� 

�(�S�i�g�m�a� �C�h�e�m�i�c�a�l� �C�o�.�)� �w�a�s� �a�d�d�e�d� �t�o� �e�a�c�h� �w�e�l�l�.� �T�h�e� �p�l�a�t�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �f�o�r� �1� 

�h�o�u�r�,� �t�h�e�n� �w�a�s�h�e�d� �t�w�i�c�e� �w�i�t�h� �P�B�S�-�T�.� �T�h�e�n� �t�h�e� �p�l�a�t�e�s� �w�e�r�e� �m�o�v�e�d� �t�o� �r�o�o�m� 

�t�e�m�p�e�r�a�t�u�r�e�,� �a�n�d� �1�0�0� �u�!� �o�f� �1� �m�g�/�m�l� �o�f� �p�a�r�a� �n�i�t�r�o�p�h�e�n�y�l�p�h�o�s�p�h�a�t�e� �i�n� �1�0�0� �m�M� 

�d�i�e�t�h�a�n�o�l�a�m�i�n�e� �b�u�f�f�e�r� �(�p�H� �9�.�8�)� �w�a�s� �a�d�d�e�d� �t�o� �e�a�c�h� �w�e�l�l�.� �A�l�l� �a�s�s�a�y�s� �w�e�r�e� 

�d�e�v�e�l�o�p�e�d� �f�o�r� �9�0� �m�i�n�u�t�e�s� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �b�e�f�o�r�e� �t�h�e� �a�b�s�o�r�b�a�n�c�e� �w�a�s� �r�e�a�d� �a�t� 

�4�0�5� �n�m�.� �C�o�n�t�r�o�l� �w�e�l�l�s� �i�n�c�l�u�d�e�d� �w�e�l�l�s� �w�i�t�h�o�u�t� �t�o�x�i�n� �A� �a�n�d�/�o�r� �w�i�t�h�o�u�t� 

�g�l�y�c�o�p�r�o�t�e�i�n�.� �T�h�e� �h�i�g�h�e�s�t� �A�,�,�,� �o�b�t�a�i�n�e�d� �w�i�t�h� �w�e�l�l�s� �t�h�a�t� �e�i�t�h�e�r� �d�i�d� �n�o�t� �c�o�n�t�a�i�n� 

�t�o�x�i�n� �A� �o�r� �g�l�y�c�o�p�r�o�t�e�i�n� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �v�a�l�u�e� �f�o�r� �b�a�c�k�g�r�o�u�n�d�,� �w�h�i�c�h� �w�a�s� 

�s�u�b�t�r�a�c�t�e�d� �f�r�o�m� �t�h�e� �v�a�l�u�e�s� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �f�i�g�u�r�e�s�.� 

�T�h�e� �p�o�s�s�i�b�i�l�i�t�y� �t�h�a�t� �m�o�n�o�-� �o�r� �d�i�s�a�c�c�h�a�r�i�d�e�s� �c�o�u�l�d� �i�n�h�i�b�i�t� �t�h�e� �b�i�n�d�i�n�g� �o�f� 

�t�o�x�i�n� �A� �t�o� �t�h�e� �Y� �a�n�t�i�g�e�n� �w�a�s� �a�s�s�a�y�e�d� �a�t� �3�7�C� �u�s�i�n�g� �t�h�e� �E�L�I�S�A� �p�r�o�c�e�d�u�r�e� 

�d�e�s�c�r�i�b�e�d�,� �e�x�c�e�p�t� �t�h�e� �I�m�m�u�l�o�n� �I�I� �p�l�a�t�e�s� �w�e�r�e� �c�o�a�t�e�d� �w�i�t�h� �2� �u�g�/�m�l� �o�f� �Y� �a�n�t�i�g�e�n�-� 

�H�S�A�.� �O�n�e� �y�g� �o�f� �t�o�x�i�n� �A� �w�a�s� �a�d�d�e�d� �t�o� �e�a�c�h� �w�e�l�l� �e�i�t�h�e�r� �a�l�o�n�e� �o�r� �w�i�t�h� �1� �m�g� �o�f� 

�c�a�r�b�o�h�y�d�r�a�t�e�.� �S�e�e� �T�a�b�l�e� �2� �f�o�r� �t�h�e� �s�u�g�a�r�s� �u�s�e�d� �i�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�.� 

�L�a�t�e�x� �a�g�g�l�u�t�i�n�a�t�i�o�n�:� �I�n� �o�r�d�e�r� �t�o� �c�o�n�f�i�r�m� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �t�o�x�i�n� �A� �w�i�t�h� 

�c�a�r�b�o�h�y�d�r�a�t�e�s� �t�h�a�t� �c�o�n�t�a�i�n� �t�h�e� �X� �a�n�t�i�g�e�n�,� �I� �a�s�s�a�y�e�d� �t�h�e� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� 

�c�h�e�m�i�c�a�l�l�y� �s�y�n�t�h�e�s�i�z�e�d� �c�a�r�b�o�h�y�d�r�a�t�e�s� �l�i�n�k�e�d� �t�o� �l�a�t�e�x� �b�e�a�d�s� �(�C�h�e�m�b�i�o�m�e�d� �L�t�d�.�,� 

�E�d�m�o�n�t�o�n�,� �C�a�n�a�d�a�)�.� �T�h�e� �o�l�i�g�o�s�a�c�c�h�a�r�i�d�e�-�l�a�t�e�x� �r�e�a�g�e�n�t�s� �w�e�r�e� �b�l�o�c�k�e�d� �w�i�t�h� �0�.�5�%� 

�c�a�s�e�i�n� �f�o�r� �4� �h�o�u�r�s�.� �F�i�v�e� �u�l� �o�f� �l�a�t�e�x� �b�e�a�d�s� �w�a�s� �a�d�d�e�d� �t�o� �e�i�t�h�e�r� �1�0� �1� �o�f� �t�o�x�i�n� �A



�1�1�0� 

�(�1�0�0� �u�g�/�m�l�)� �o�r� �1�0�4�1� �o�f� �T�B�S� �(�1�0�0� �m�M� �T�r�i�s�,� �1�5�0� �m�M� �N�a�C�l�,� �p�H� �7�.�0�)� �o�n� �a� �g�l�a�s�s� 

�p�l�a�t�e�.� �T�h�i�s� �w�a�s� �i�n�c�u�b�a�t�e�d� �o�n� �i�c�e� �f�o�r� �2� �m�i�n�u�t�e�,� �t�h�e�n� �1�0� �u�l� �o�f� �a� �m�o�n�o�c�l�o�n�a�l� 

�a�n�t�i�b�o�d�y� �t�o� �t�o�x�i�n� �A� �(�i�.�e�.�,� �P�C�G�-�4� �a�t� �1� �m�g�/�m�l�;� �4�0�)� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �m�i�x�t�u�r�e�s�.� �T�h�e� 

�p�l�a�t�e� �w�a�s� �r�o�c�k�e�d� �f�o�r� �3� �m�i�n�u�t�e�,� �a�n�d� �t�h�e�n� �o�b�s�e�r�v�e�d� �f�o�r� �a�g�g�l�u�t�i�n�a�t�i�o�n�.� 

�T�o�x�i�n� �A� �i�s�o�l�a�t�i�o�n�:� �I�s�o�l�a�t�i�o�n� �o�f� �t�o�x�i�n� �A� �f�r�o�m� �a�l�l� �o�t�h�e�r� �C�.� �d�i�f�f�i�c�i�l�e� �a�n�t�i�g�e�n�s� �w�a�s� 

�a�t�t�e�m�p�t�e�d� �u�s�i�n�g� �t�h�e� �b�a�s�i�c� �p�r�o�t�o�c�o�l� �d�e�v�e�l�o�p�e�d� �f�o�r� �t�h�e� �a�f�f�i�n�i�t�y� �p�u�r�i�f�i�c�a�t�i�o�n� �o�f� �t�o�x�i�n� 

�A� �o�n� �i�m�m�o�b�i�l�i�z�e�d� �G�a�l�s� �1�-�3�G�a�l�¢� �1�-�4�G�l�c�N�A�c� �(�3�3�)� �h�o�w�e�v�e�r�,� �I� �s�u�b�s�t�i�t�u�t�e�d� �t�h�e� �X� 

�a�n�t�i�g�e�n� �i�n� �p�l�a�c�e� �o�f� �G�a�l� �1�-�3�G�a�l�s�1�-�4�G�l�c�N�A�c�.� �C�u�l�t�u�r�e� �f�i�l�t�r�a�t�e� �w�a�s� �c�o�n�c�e�n�t�r�a�t�e�d� 

�f�i�v�e�-�f�o�l�d� �o�n� �a� �M�i�n�i�C�o�n� �c�o�n�c�e�n�t�r�a�t�o�r� �(�A�m�i�c�o�n�;� �D�a�n�v�e�r�s�,� �M�a�.�)�,� �t�h�e�n� �2�5� �y�l� �o�f� �t�h�i�s� 

�w�a�s� �m�i�x�e�d� �w�i�t�h� �a� �2�0� �y�l� �p�e�l�l�e�t� �o�f� �l�a�t�e�x� �b�e�a�d�s� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �X� �a�n�t�i�g�e�n�.� �T�h�i�s� �w�a�s� 

�i�n�c�u�b�a�t�e�d� �o�n� �i�c�e� �f�o�r� �1�0� �m�i�n�u�t�e�s�,� �t�h�e�n� �t�h�e� �l�a�t�e�x� �b�e�a�d�s� �w�e�r�e� �p�e�l�l�e�t�e�d� �b�y� 

�c�e�n�t�r�i�f�u�g�a�t�i�o�n�.� �T�h�e� �s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �s�a�v�e�d�,� �a�n�d� �t�h�e� �p�e�l�l�e�t� �w�a�s� �w�a�s�h�e�d� �t�h�r�e�e� �t�i�m�e�s� 

�w�i�t�h� �i�c�e� �c�o�l�d� �T�B�S�.� �T�h�e� �l�a�t�e�x� �b�e�a�d�s� �w�e�r�e� �t�h�e�n� �w�a�r�m�e�d� �t�o� �3�7�C� �i�n� �2�5� �y�l� �o�f� �T�B�S�,� 

�t�h�e�n� �p�e�l�l�e�t�e�d� �b�y� �c�e�n�t�r�i�f�u�g�a�t�i�o�n�.� �E�a�c�h� �s�t�e�p� �o�f� �t�h�e� �i�s�o�l�a�t�i�o�n� �w�a�s� �m�o�n�i�t�o�r�e�d� �u�s�i�n�g� 

�T�E�P� �w�i�t�h� �5� �«�1� �o�f� �s�a�m�p�l�e� �i�n� �t�h�e� �f�i�r�s�t� �d�i�m�e�n�s�i�o�n�,� �a�n�d� �1�0�0� �u�l� �o�f� �a�n�t�i�s�e�r�u�m� �t�o� �c�u�l�t�u�r�e� 

�f�i�l�t�r�a�t�e� �o�f� �C�.� �d�i�f�f�i�c�i�l�e� �i�n� �t�h�e� �s�e�c�o�n�d� �d�i�m�e�n�s�i�o�n�.



�1�1�1� 

�R�E�S�U�L�T�S� 

�E�x�a�m�i�n�a�t�i�o�n� �o�f� �m�o�l�e�c�u�l�a�r� �m�o�d�e�l�s� �s�u�g�g�e�s�t�e�d� �t�o� �m�e� �t�h�a�t� �t�h�e� �X� �a�n�t�i�g�e�n� 

�(�G�a�l�s� �1�-�4�[�F�u�a� �1�-�3�]�G�I�l�c�N�A�c�)� �w�a�s� �c�o�n�f�o�r�m�a�t�i�o�n�a�l�l�y� �s�i�m�i�l�a�r� �t�o� �t�h�e� �p�r�e�v�i�o�u�s�l�y� 

�i�d�e�n�t�i�f�i�e�d� �r�e�c�e�p�t�o�r� �G�a�l� �1�-�3�G�a�l�g� �1�-�4�G�l�c�N�A�c� �(�F�i�g�u�r�e� �1�)�.� �T�h�i�s� �c�a�r�b�o�h�y�d�r�a�t�e� 

�s�t�r�u�c�t�u�r�e� �i�s� �p�r�e�s�e�n�t� �o�n� �t�w�o� �c�o�m�m�e�r�c�i�a�l�l�y� �a�v�a�i�l�a�b�l�e� �g�l�y�c�o�p�r�o�t�e�i�n�s�:� 

�c�a�r�c�i�n�o�e�m�b�r�y�o�n�i�c� �a�n�t�i�g�e�n�,� �a�n�d� �t�h�e� �s�e�c�r�e�t�o�r�y� �c�o�m�p�o�n�e�n�t� �o�f� �a�n�t�i�b�o�d�i�e�s� �(�9�,� �4�5�)�.� 

�W�h�e�n� �I� �m�i�x�e�d� �t�h�e�s�e� �p�r�o�t�e�i�n�s� �w�i�t�h� �t�o�x�i�n� �A�,� �t�h�e�y� �c�a�u�s�e�d� �a�n� �a�l�t�e�r�a�t�i�o�n� �i�n� �t�h�e� 

�m�i�g�r�a�t�i�o�n� �o�f� �t�o�x�i�n� �A� �i�n� �a�n� �e�l�e�c�t�r�i�c� �f�i�e�l�d�;� �t�h�i�s� �w�a�s� �m�o�s�t� �e�a�s�i�l�y� �o�b�s�e�r�v�e�d� �i�n� �c�r�o�s�s�e�d� 

�i�m�m�u�n�o�e�l�e�c�t�r�o�p�h�o�r�e�s�i�s�.� �I� �t�h�e�n� �c�o�n�f�i�r�m�e�d� �t�h�a�t� �t�o�x�i�n� �A� �w�a�s� �b�i�n�d�i�n�g� �t�o� �t�h�e�s�e� �t�w�o� 

�g�l�y�c�o�p�r�o�t�e�i�n�s� �b�y� �u�s�i�n�g� �a�n� �E�L�I�S�A�.� �T�h�i�s� �a�s�s�a�y� �s�h�o�w�e�d� �t�h�a�t� �t�o�x�i�n� �A� �w�a�s� �b�i�n�d�i�n�g� �a�t� 

�4�C�,� �b�u�t� �n�o�t� �a�t� �3�7�C�.� �S�i�m�i�l�a�r� �r�e�s�u�l�t�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �w�i�t�h� �b�o�v�i�n�e� �t�h�y�r�o�g�l�o�b�u�l�i�n� 

�w�h�i�c�h� �c�o�n�t�a�i�n�s� �t�h�e� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �t�r�i�s�a�c�c�h�a�r�i�d�e� �r�e�c�e�p�t�o�r� �(�G�a�l� �1�-�3�G�a�l� �1�-� 

�4�G�I�l�c�N�A�c�;� �F�i�g�u�r�e� �2�)�.� 

�A�l�t�h�o�u�g�h� �t�h�e� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� �A� �t�o� �t�h�e�s�e� �p�r�o�t�e�i�n�s� �w�a�s� �s�u�g�g�e�s�t�i�v�e� �t�h�a�t� �t�h�e� 

�t�o�x�i�n� �w�a�s� �b�i�n�d�i�n�g� �t�o� �t�h�e� �X� �a�n�t�i�g�e�n�,� �t�h�e�r�e� �w�a�s� �a� �p�o�s�s�i�b�i�l�i�t�y� �t�h�a�t� �t�o�x�i�n� �A� �w�a�s� 

�b�i�n�d�i�n�g� �t�o� �o�t�h�e�r� �c�a�r�b�o�h�y�d�r�a�t�e� �s�t�r�u�c�t�u�r�e�s� �s�h�a�r�e�d� �b�y� �t�h�e�s�e� �t�w�o� �g�l�y�c�o�p�r�o�t�e�i�n�s� �(�e�.�g�.�,� 

�B�i�A�O�,� �s�e�e� �T�a�b�l�e� �1� �f�o�r� �s�t�r�u�c�t�u�r�e�;� �9�,� �4�5�)�.� �T�h�e� �X� �a�n�t�i�g�e�n� �t�r�i�s�a�c�c�h�a�r�i�d�e� �a�l�s�o� �e�x�i�s�t�s� 

�a�s� �p�a�r�t� �o�f� �t�h�e� �p�e�n�t�a�s�a�c�c�h�a�r�i�d�e� �L�N�F� �I�I�I�.� �T�h�e�r�e�f�o�r�e�,� �I� �t�e�s�t�e�d� �t�h�e� �b�i�n�d�i�n�g� �o�f� �t�o�x�i�n� 

�A� �t�o� �t�h�e� �p�u�r�i�f�i�e�d� �p�e�n�t�a�s�a�c�c�h�a�r�i�d�e� �w�h�i�c�h� �h�a�d� �b�e�e�n� �c�o�n�j�u�g�a�t�e�d� �t�o� �h�u�m�a�n� �s�e�r�u�m� 

�a�l�b�u�m�i�n� �(�H�S�A�)�.� �T�h�i�s� �p�e�n�t�a�s�a�c�c�h�a�r�i�d�e� �c�o�n�j�u�g�a�t�e� �a�l�s�o� �a�l�t�e�r�e�d� �t�h�e� �m�i�g�r�a�t�i�o�n� �o�f� 

�t�o�x�i�n� �A� �i�n� �i�m�m�u�n�o�e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �(�d�a�t�a� �n�o�t� �s�h�o�w�n�)� �a�n�d� �b�o�u�n�d� �t�o� �t�h�e� �c�o�n�j�u�g�a�t�e� 

�i�n� �E�L�I�S�A� �(�F�i�g�u�r�e� �2�)�:� �t�h�e� �B�i�A�O� �c�o�n�j�u�g�a�t�e� �d�i�d� �n�o�t� �b�i�n�d� �t�o�x�i�n� �A�.� �F�u�r�t�h�e�r�,� �a



�A�T� 

�G�a�l�a�1 ��3� �G�a�l�B�1 �� �4�G�I�c�N�A�c� 

� � � 
�F�i�g�u�r�e� �1�:� �C�P�K� �s�p�a�c�e� �f�i�l�l�i�n�g� �m�o�d�e�l�s� �s�h�o�w�i�n�g� �a� �s�o�m�e�w�h�a�t� �s�i�m�i�l�a�r� �c�o�n�f�o�r�m�a�t�i�o�n� �_� 

�b�e�t�w�e�e�n� �G�a�l�a� �1�-�3�G�a�l�g� �1�-�4�G�l�c�N�A�c� �a�n�d� �G�a�l� �1�-�4�(�F�u�a�r�1�-�3�)�G�l�c�N�A�c�.� �O�x�y�g�e�n� �i�s� 

�r�e�p�r�e�s�e�n�t�e�d� �b�y� �r�e�d�,� �n�i�t�r�o�g�e�n� �b�y� �b�l�u�e�,� �h�y�d�r�o�g�e�n� �b�y� �w�h�i�t�e�,� �a�n�d� �c�a�r�b�o�n� �b�y� �b�l�a�c�k�.� 

�T�h�e� �l�e�f�t� �h�a�n�d� �c�o�l�u�m�n� �c�o�n�t�a�i�n�s� �s�c�h�e�m�a�t�i�c� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �o�f� �t�h�e� �m�o�d�e�l�s� 

�i�l�l�u�s�t�r�a�t�i�n�g� �t�h�e� �p�o�s�i�t�i�o�n� �o�f� �t�h�e� �m�o�n�o�s�a�c�c�h�a�r�i�d�e�s� �i�n� �t�h�e�s�e� �o�l�i�g�o�s�a�c�c�h�a�r�i�d�e�s�.


