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Abstrac t: Th is study w as conducted to investigate the effect of d ifferen t po lysacchar ides on non-spec ific immune responses

in Amur sturgeons (A cip enser schrenk i) . F ou r po lysacchar ides ( chitosan, stachyose, yeast polysaccha ride and lipopo lysac-

charide) in rice bran ex tract ( LPSR ) w ere injected intra-per itonea lly into Amur sturgeons. A fte r 9 days, A-naphthy l ace-

tate esterase ( ANAE) pos itiv ity in periphe ra l blood, bacter io lytic and hem o ly tic activ ities were m easured. The resu lts

showed that among four po lysaccha rides, chitosan w as the m ost effec tive imm unostim ulato r, w ith sign ificant increase in all

three imm une pa rame ters com pared to the contro .l TheANAE pos itiv ity and lysozym e ac tiv ityw ere higher than those in o th-

e r treatm ent groups. Stachyose, yeast po ly saccharide and LPSR showed no s ignificant im provem ent in ANAE ac tiv ities and

bacter io ly tic ac tiv ities, but a ll d isp layed h igher hem o ly tic activ ity than the contro .l

K ey words: A cipenser schrenki; Po lysaccharides; ANAE positiv ity; Bacte rio lytic activ ity; A lternative comp lem ent pathw ay

hem o ly tic activ ity

CLC num ber: Q95818  Docum ent code: A  Artic le ID: 1000-3207( 2009) 03-0455-06

  S ince the discovery that ad juvants used in the ap-

plicat ion o f vacc ines confer considerab le resistance in

themselves
[ 1]
, aw ide range o f products have been tes-t

ed for immunostimu latory effects on d iverse fish spe-

cies
[ 2]
. The use o f immunostimulan ts is be ing intro-

duced into f ish farm ing rout ine procedures for prophy-

lact ic purpose. M any fish species show ed enhanced

non-spec ific responses w ith immunostimu lants
[ 3) 6 ]

.

Another advantage o f immunostimulan ts is their use as

ad juvants for fish vacc ination
[ 7, 8]

. A s few negative

side-effects have been found, immunost imu lants are

presented as an attractive alternative to contro l bacterial

in fect ions
[ 9, 10 ]

.

The effects of immunost imulants are affected by

the tim ing, dosage and method o f adm in istrat ion. The

most e ffect ivem ethod o f adm in istration of immunostim-

u lants to fish is in jection
[ 2 ]
. R espirato ry burst and

phagocytic activities o f turbo t ( Scophthalm usm ax im us)

leucocy tesw ere enhanced after an in v itro incubat ion o f

head k idneys w ith different doses of yeast glucan, and

the optimum dose w as 50 Lg /mL
[ 11]

. The resistance

againstEdw ardsiella tarda was enhanced after tilapia

( Oreochrom is niloticus ) intraperitonea l in jected w ith

0. 1 mg PS-K ( a protein-bound po lysaccharide prepa-

retion) /g body w eigh,t and them ax imal resistancew as

developed in f ish 1 w eek after injection
[ 12]

. Turbot

( Scphthalmus m axim us L. ) intraperitoneal in jecting

w ith B-1, 3 g lucan, the production ofO
- 2

in head kid-

ney leucocy tes and lysozyme concentrat ion were higher

at day 7 when compared w ith days 14 and 21
[ 13]

.

Among polysaccharides from various b io log ica l or-i

g ins ( yeasts, a lgae, bacteria, h igher plants and espe-

cially fung i), B-glucans are themost intensively studied

one in fish
[ 14) 17 ]

. Re lat ively few researches conducted
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on other polysaccharides, such as chitosan and lipopo-

lysaccharide ( LPS) etc.
[ 2]
. Amur sturgeon (Acipenser

schrenki ), an orig inal species of O ste ich ithyes, is an

important aquaculture species, famous for its cav iar. So

far, few stud ies have eva luated the effect of immunos-

t imu lants on the immune responses of this fish.

The present study aimed to evaluate the effects of

ch itosan, stachyose, yeast po lysaccharide, and lipopo-

lysaccharide ( LPSR ) on the non-specific immune re-

sponses o f Amur sturgeon, and to compare the immu-

nostimu la tory effects of the four po lysaccharides.

1 Materials and m ethods

1. 1  Experim ental fish  Amur sturgeons w eigh ing

( 35. 9 ? 5. 7) g ( mean ? S. D. ) w ere acqu ired from

the sturgeon deve lopment center o f Be ijing Fisheries

Research Institute, Ch ina, and a llocated in 50L

opaque plastic tanks w ith a flow through system at a

density of eight f ish per tank. The depth of thew ater is

alw ays 50cm. Fish w ere acc limated to laborato ry cond-i

tions for 14 days before the experimen.t Thew ater tem-

perature w as ( 18 ? 1) e and disso lved oxygen w as sa-t

urated. F ish w ere fed tw ice da ily w ith commerc ial pe-l

lets.

1. 2  Polysacchar ide treatment Tab. 1 lists the

po lysaccharides tested in the experimen.t A ll po lysac-

charides w ere prov ided by Be ijing Research Inst itute

for Nutr itional Resources except ch itosan, w hich w as

prov ided by Institute o f Zoo logy, Ch inese Academy o f

Sciences.

E ach po lysaccharide powder w as suspended at 5

mg /mL in sterile phosphate buffered sa line ( PBS, 7. 3

mmo l/L monosod ium phosphate, 18. 0mmo l/L d isod-i

um phosphate, 0. 15 mol /L sodium chloride, pH

7. 2) . E very experimenta l fish w as injected in traperito-

nea lly w ith 100 LL o f the po lysaccharide suspension.

E ight fish w ere injected w ith po lysaccharide in

each treatm ent group. In addition to the treatments in

Tab. 1, e ight fish w ere in jected w ith sterile PBS in the

control group.

表 1 各种多糖的有效成分

Tab11 A ct ive ingred ien ts of polysaccharides

多糖 Polysaccharide 有效成分 A ctive ingred ien t

壳聚糖 Ch itosan 壳聚糖标准品 S tandard samp le of ch itosan

水苏糖 S tachyose 含 18%水苏糖 18% stachyose

酵母多糖 Yeast polysaccharide
酵母提取物 (含 20% B-1, 3葡聚糖和 B-1, 6葡聚糖, 18%甘露聚糖 ) Yeast extract con tain ing 20% B-

1, 3 and 1, 6 G lucans, 18% m annan

米糠脂多糖 LPSR ( lipopo lysaccharid e) 米糠提取物 (含 8% ) 9%脂多糖 ) R ice b ran extract contain ing 8% ) 9% lipopo lysaccharide

1. 3 Sampling protocol F ish w ere sacrif iced by a

sharp blow at the head 9d a fter in jection, and blood

samp les w ere co llected from the cauda l ve in by cutt ing

the ta ils immediate ly. About 0. 5mL b lood w as la id to

clot fo r 2h at room temperature ( 25e ) and cen trifuged

at 10, 000 @ g fo r 15 m in. Serum was then co llected

and stored a t - 80e until processing. About 0. 5mL

blood w as dropped into Eppendo rff tubes conta in ing

heparin sod ium. The sod ium heparin ized ( N a-hepa-

rin) blood was used immediate ly in the A-naphthy l ac-

etate esterase (ANAE ) positivity assay.

1. 4 ANAE positivity assay Fresh leucocy tes w ere

co llected from the heparin ized b lood by d iluting ( 1B1)

w ith Hank. s balanced salt solution. Leucocy tes w ere

iso lated through a lymphocyte separation medium ( d =

1. 077 g /mL, Ch ina, T ianjinTBD ). Cell suspensions

w ere spun for 5 m in at 65 @ g to remove erythrocytes

and debris. The leucocy te-enriched interphase w as

drawn off and used tom ake the smears.

Smears w ere f ixed fo r 30s at room temperature in

citrate-acetoneformaldehyde solution and stained w ith a

fresh solution consist ing o f 3 mL pararosan iline hydro-

chloride and 3 mL sod ium n itrite ( 4% ) , 89mL PBS

( 1 /15 mol /L, pH7. 6 ), 1 mL A-naphthy l ace tate

( S igm a-A ldrich Chem ica,l III-k irsh, France) solution

( 2% ) for 12h at 4e , pro tected from ligh.t Then the

smears w ere sta ined aga in by methy l green ( S igm aM-

8884) .

A tota l o f 200 lymphocytes w ere counted under a

m icroscope. The percentage of ANAE positive cells
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among tota l lymphocytesw ere determ ined by the formu-

la as fo llow s:

Percentage o f ANAE positive lymphocyte =

ANAE posit ive lymphocy te amoun t/200 @ 100%

1. 5 Bacteriolytic activity assay The bacterio ly tic

activ ity of serum wasmeasured using lyoph ilisedM icro-

coccus ly sodeikticus as an ind icato r o f serum lysis ac-

cord ing to them ethod described byHu ltmark, et al
[ 18]

and Wang, et al
[ 19]

. Lyoph ilised M. lysodeikticus

( Sigma) w ere suspended in ice-co ld 0. 1mo l/L po tas-

sium phosphate bu ffer ( pH 6. 4) . The amount of bac-

teria in the suspension w as chosen to g ive an opt ical

read ing of 0. 3) 0. 5 at a w ave length o f 570 nm. A 50

LL sample of serum was added to 3 mL bacterial sus-

pension in an ice-bath, and the absorbance o f th ism ix-

ture w as measured at 570 nm (A 0 ). A fter incubat ion

at 37e fo r 30m in, them ix turew as transferred back to

the ice-ba th for 10m in to stop the reaction. The absor-

bance of the m ix ture w as aga in measured at 570 nm

(A ) . Bacterio lytic activity UL was calcu lated by the

follow ing formula: UL = (A 0 - A ) /A.

1. 6 Hemolytic activity assay  The hemo lyt ic ac-

t iv ity of serum was determ ined by assay ing the alterna-

t ive complement pathw ay activ ity ( ACP) . The hemo-

ly tic assay w as carried ou t in Eppendorff tubes fo llow-

ing the techn ique described by Sunyer and Tort

( 1995)
[ 20 ]

. Briefly, a volume o f 25LL of rabbit eryth-

rocytes ( R aRBC ) suspension w as added to 100LL of

serially dilu ted A. schrenki serum inM g
2+

EGTA-GVB

buffer. The tubes w ere incubated at room temperature

for 1h w ith occasiona l shak ing. The react ion w as

stopped by add ing 1 mL of co ld EDTA-GVB. The

tubes w ere centrifuged at 660 @ g fo r 5 m in. The ex-

tent of hemo lysis w as est imated by measuring the opt-i

ca l density of the superna tant at 414 nm (OD414 ). To-

tal hemo lysis or 100% hemolysis is g iven by the opt ical

read ing of the supernatan t from 25 LL of the same

RaRBC suspension added to 1100 LL of distilled w a-

ter. The alternative comp lem ent pathw ay hemo lytic ac-

t iv ity w as demonstrated by the ACH50 titer, and the

rec iprocal o f the serum dilu tion causing 50% lysis of

RaRBC was designated as theACH50 titer, the resu lts

are presen ted as ACH50 un its/mL. R abbit b lood w as

used for this assay since it was prev iously demonstrated

tha t it is better act ivators of lytic reaction among mam-

mal b loods.

1. 7 Statistica l analysis One-w ay ANOVA was ut-i

lized to test the sign ificance o f means. When sign if-i

cance w as observed, LSD test w as used for mu ltiple

compositions. A ll statistica l ana lyses w ere perfo rmed

using SPSS 11. 5 fo rw indow s softw are.

2 R esults

2. 1 ANAE positivity 

Fig. 1 show s the percentage o f ANAE positive

lymphocy te in heparin ized b lood o f the Amur stur-

geons. F ish injected w ith chitosan show ed sign if icantly

h igher ANAE activ ity, w hile no sign ificant d ifference

w as found between o ther g roups ( p> 0. 05) .

图 1 各组史氏鲟血液中淋巴细胞 ANAE阳性率

Fig. 1 Percen tage ofANAE posit ive lymphocyte in hepa in ized b lood of

      Amu r stu rgeons

纵坐标的数值为各组的平均值 ? 标准误, 不同字母代表组间有显

      著差异 (p < 0. 05 )

Va lues are m eans? S. E. for each group; D if feren t letters denote stat is-

      t ica lly ex trem e s ign ifican t d ifferences ( p < 0. 05) among groups

2. 2 Bacteriolytic activity 

Ch itosan group had significan tly h igher serum bac-

teriolyt ic act iv ity wh ile no sign ificant difference w as

found betw een other groups (p > 0. 05) ( F ig. 2) .

2. 3 Hemo lytic activity 

A ll treatment groups show ed sign ificantly higher

hemo lytic activ ity than the contro l group ( ch itosan

group, p= 0. 002; stachyose group, p = 0. 032; yeast

extract group, p = 0. 013; LPSR group, p = 0. 008 )

( F ig. 3).

There was no difference betw een each o f the

groups o f fish in jected w ith chitosan, stachyose, yeast

po lysaccharide, and LPSR ( p> 0. 05) .
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3 D iscussion

In the present study, w e eva luated four po lysac-

char ides, ch itosan, yeast po lysaccharide, stachyose

and LPSR for their ability to st imu late the non-specific

immune response o fAmur sturgeon, and found that ch-

itosan w as themost effective one. B rook trou,t Salveli-

nus fontinalis, in jected or imm ersed in ch itosan so lu-

t ion show ed improved pro tect ion againstA erom onas sal-

m onicida infection
[ 21]

. S im ilar results w ere reported in

ra inbow trout ora lly adm in istered ch itosan
[ 22, 23]

. W e

observed that fish in jected w ith ch itosan show ed signif-i

cantly enhanced ANAE posit iv ity and bacteriolyt ic ac-

t iv ity in relat ion to the control and h igher hemolyt ic ac-

t iv ity than the o ther treatm ent groups. A lthough the im-

mune param eters reported varied in d ifferent stud ies,

all the results suggested that chitosan has immunostim-

ulato ry properties no t on ly in cellu lar innate immune

response, but also in other serum responses. These

bene fits indicate that ch itosan could be a potential a-l

ternat ive and / or supplemen t to chemotherapy and vac-

cination form ain taining fish health.

M any stud ies have shown yeast ex tracts containing

B-g lucans and m annans have immunostimu latory prop-

erties
[ 2]
. Yeast g lucan enhances the complemen-tm ed-i

ated haemo ly tic act iv ity in A ltlantic sa lmon blood
[ 24]

.

It is also reported that the effect of B-glucans is dose

dependen,t low or h igh doses afford no improvement in

immune system, and very high doses m ay be inh ib ito-

ry. In our wo rk w e found sim ilar enhance effects o f

yeast extracts ( containing 20% B-1, 3 and 1, 6 G lu-

cans, 18% unspecifiedmannan) on Amur sturgeon se-

rum hemo ly tic activity. But whether the enhance effect

is the largest o r no t rema ined unknown, as we did not

exam ine the appropr iate dose rate forAmur sturgeons.

There aremany reports show ed that LPS ( lipopo-

lysaccharide) , extracted from ce ll w all o f Gram-nega-

tive bacteria can enhancem acrophage phagocy tic act iv-

ity o f various fishes
[ 2]
. J ian etc reported that serum an-

tibody titer, lysozyme and antibacterial activ ities cou ld

be improved by the in jection of LPS from Vibrio algino-

ly ticus
[ 26]

. The LPSR used in our experiment w as a

rice bran extrac.t W e found Amur sturgeon injected

w ith LPSR show ed increased hemolyt ic activity. D iffer-

ent LPS sources may induce different resu lts, and the

d ifferences need further researches. Few reports have

addressed the effect o f stachyose on fish nonspec ific

immune responses, and w e found no comparative data.

Serum complement activ ity has been iden tified as

a pow erfu l non-specific defencemechanism, protecting

fish against bacteria, fung ,i v iruses and para-

sites
[ 20, 27, 28 ]

. In th is study, on ly the ACP hemo lytic

activ ity w as enhanced in all polysaccharides injected

groups. Therefore, the ACH50 titer for hemo ly tic ac-

tiv ity may be a rap id and sensitive indicator of non-spe-

cif ic immune response to po lysaccharide immunost imu-

lants. The ACH50 values o f Amur sturgeon sera in

control group w ere h igher ( ( 40 ? 8) ACH 50 U /mL)

than the ACH 50 titer found in m ammal sera such as

human ( 16 ACH50 U /mL) , pig ( 13. 6 ACH50 U /

mL ), sheep ( 15. 4 ACH50 U /mL ) , dog ( 14. 4
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ACH50 U /mL ) and guinea p ig ( 11. 9 ACH 50 U /

mL)
[ 27]

. The titration o f ACP in the carp Cyp rinus

carp io, sea bass D icentrarchus labrax and sea bream

Sparus aurata, have been reported to be ( 68 ? 23)

ACH50 U /mL, ( 460 ? 75) ACH50 U /mL and ( 170

? 18 ) ACH50 U /mL respectively. These values are

also much h igh in re la tion to those of m am-

ma ls
[ 20, 29, 30]

. In fish, the specific response is notw e ll

deve loped. Its antibody response has low affinity, lim-

ited heterogene ity, poor anamnestic qua lities and the

response t ime is longer than that of mamma ls. Hence,

high ACP hemolyt ic act iv ity represents a pow erful non-

specif ic defense mechan ism wh ich is requ ired to delay

asmuch as possib le the estab lishment of invading or-

ganisms, until the specific response is developed.

The resu lt show ed that Amur sturgeon serum d is-

played a bacterio lytic action, because when serum was

incubated w ith Lyoph ilisedM. ly sodeikticus, the absor-

bance of the m ix ture a fter incubation w as low er than

the absorbance at 0: 00. Bacteriolysis is an event that

may occur when norma lm icrob ial mu lt ip lication is a-l

tered due to an uncontro lled activation o f a series of au-

to lytic cel-lw all break ing enzymes ( muram idases ) .

Ce llw all breakdown may occur fo llow ing bacterio lysis

induced by a large variety of bacterio lysis- induc ing ca-t

ionic peptides, such as lysozyme and peptides from

leucocytes. Sunyer
[ 20]

have reported that both bacterio-

ly tic and hemo ly tic act iv it ies w ere re lated to the puta-

t ive th ird component of sea bream component ( C3) .

W e observed the hemolyt ic act iv ity significant ly in-

creased in a ll treatm ent groups, w hile the bacterio ly tic

activ ity sign ificantly increased on ly in ch itosan group.

Hemo ly tic act iv ity reflected the character o f comple-

ment system, w hile bacterio lytic act iv ity w as a ffected

by more comp lex components of serum.

The enhancement of nonspec ific immune response

indexes reveals the responsemanner o fAmur sturgeon to

the in jection w ith po lysaccharides. Though certain poly-

saccharides enhance the nonspec ific immune response of

Amur sturgeon, w hether they could rea lly pro tect f ish

against infection, and how to use the po lysaccharides to

reach the best effect still need further studies. The

mechan ism s behind the immunostimulatory effects are

also shou ld be considered for applied stud ies.
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不同多糖对史氏鲟非特异性免疫反应的影响

宋  超 1, 2  牛翠娟 1  朱  华 2

( 1.北京师范大学生命科学学院,教育部生物多样性与生态工程重点实验室,北京  100875;

2. 国家淡水渔业工程技术研究中心 (北京 )暨北京市水产科学研究所,北京  100068)

摘要: 本文旨在探讨注射不同多糖后史氏鲟非特异性免疫反应的差异。分别将 4种不同来源的多糖 (壳聚糖、水苏糖、酵母聚

糖和米糠脂多糖 )腹腔注射到史氏鲟体内, 注射 9d后,观测血液中淋巴细胞 A-醋酸萘酯酶 (A-naphthy l acetate esterase, ANAE)

阳性率、血清溶菌活性 ( Bacter io ly tic ac tiv ity)和血清旁路补体途径溶血活性 ( ACP hem o ly tic activ ity)。结果显示壳聚糖 ( Ch-i

tosan)在几种多糖中免疫刺激作用最强。壳聚糖组与对照组相比, 所有的免疫指标活性均有显著提高。壳聚糖组 ANAE活性

和溶菌活性与其他实验组相比也有显著提高。水苏糖 ( Stachyose)组、酵母多糖 ( Yeast po lysaccharide )组和脂多糖 ( LPSR )组与

对照相比血清旁路补体途径溶血活性增强,而对 ANAE活性和溶菌活性没有显著影响。

关键词: 史氏鲟;多糖; ANAE阳性率; 溶菌活性;血清旁路途径溶血活性


