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Natural rubber serum powder, rich in crude protein and carbohydrates, had a st.rong 
growt.h-stimulating activity for Hifidollarteriwn b1fidlrrn, ·which \vas unable to grO\-v in a fully 
synthetic medium, i:!" assay medium. Natural rubber serum powder \vas fractionat.ed by 
ultrafiltrat.iol\ (molecular weight cut. off 1000). The act.ive ultrafiltrate \-vas furthermore 
concent.rated and desalted with an adsorptive microconcentrat.or, which adsorbs virtually all 
amino acids and pPJltides. Through this purification step, iL was found that the adsorbed 
fraction obtained could not. pxhibit a gro\\"t.h-stimulating act.ivity indc~pendently hut ac1.pd 
complementarily v,rith ammoniUTll sulfate contaminated in the ultrafiltrate. Furthermore, 
ammonium sulfate could be substituted \\ith other ammonium salts, ammonilml chloride awl 
ammonium nit.rate. The adsorb~;d fraction was subsequently anal:\-'Zcd on reversed-phase high 
performance liquid chromalograplly, and the activities of the eluates v..'erc measured on D.·, 
assay medium supplemented v.ith anunonilllll sulfat.e. Consequent.ly, it was proved t.hat several 
ingredients in the adsorr)pd fraction enhanced the grow"th of B. bijJdum. 

])!TRODUCT]ON 

Bifidobacteria are gram-positive, saccharol},tic, anaerobic bacteria that are major 
components of the human gastrointestinal Lract. The most import.ant. benefit.s on the host 
health are inhibition or displacement of undesirable microorganisms, elimination of 
procarcinogens, immunomodulatioIl, and vitamin production (Gibson and \-Vang, 1994; 
Kado-oka et al., 1991; Modler et ai., 1990; Noda el aI., 1994; Wilhelm et ai., 1987). As a 
result, they are often used as food supplements and in milk fermentation (Ishibashi, 
1!:l90). However, biomass production is Imv because these microorganisms require a 
growth-stimulating factor, bifidogenie growth stimulat.or (BGS) \vhich is usually absent 
even in fully synthetic media composed of sugars, vitamins, nucleic and amino acids. 
Therefore, several investigat.ions have been reported on a number of potent.ial SOUTces of 
RGSs. Poeh and Bezkorovainy (1988) showed the availability of bovine casein digest and 
yeast. extract as BGSs in a fully synthetic medium sim.ilar to the well-known Norris 
medium (Poupard et al., 1973). Moreover, Ibrahirn and Bezkorovainy (994) investigated 
the grO\vth-stimulating activity of various organic compounds for B. fangurn by llsing B12 
assay mediurn, \vhich alone permitted only limit.ed bifidobacterial groV\'th. Hmvever, most 
of them. are costly and/or have some other drmvback. For example, B. b?fidum. cannot 
utilize many kinds of oligosaccharides, such as fruct.ooligosaccharide (Hidaka, 1993) and 
soybean oligosaccharide (T\-Iasai, 1988), vvhich are \,vell known as EGSs. Except these 
oligosaccharides, there are a few reports on completely identified HGSs to date (1-Iori et 
al.,1997). 
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Natural rubber serum powder 0JRSP) is a natural rubber wast.e, rich in crude p rotein 
and carbohydrates, produced eluring the manufacturing process of latex rubbe r (lsltizaki, 
19R9). Sew-raj ::luempt.s La utilize NRSP as a new ly fermentable substrate have been 
carried out ill our laboratory 3..0:;; means of reducing its polluting effect on the environment 
('Il'ipetchkuJ (it ai., 1992; Chinachoti el nl., 1997). We have observed that NRSP has a 
strong growth- st.imulating activity for [I \,~de range of bifidobacteria of human origin 
(Ishizaki , 1995). In addition, Oiki el [1.1. (19963) investigated Ihe effect of NRSP Oil B 
b~IidU'm ill de tail using bifidobacterium medium ancUor the minimal medium \vithollt 
organic nutrient. NRSP shmved syn ergistic effects with various organic nutrients ill a 
sirnilar manner to casein, which is composed of many kinds of peptides. Hmvever, both 
nutrients had different concent.ration-related effects on t.he grov.th of B. bifid1l.m (Oiki et 
ri l., 1996b), Further investigating into the nature of NRSP , the complexity of the 
experimental media appears to make it difficult to clearly understand the nutritional 
e ffects of NRSP on B. biJi ltu m , and to distinguish whether the effect of NRSP is 
att.ributed to a simple nut.rijjonal source or BOS. furthermore, we have observed a lower 
sensitivity of cells to the grm\<1,h-stimulating acth,i ty of BGSs when partially pUlified BGSs 
from NRSP was added to bifidobacteriwn medium which alone could easily lead to much 
cell proliferation. To solve these problems, thc usc of a chemically defined medium 
mentioned above is necessary. In this paper , we attempted to prove the growth 
-stimulating effects of NR--o;;;P by using B l~ assay mectitu11 , and to isobte the active ingre­
dients from NRSP that. act as HGSs. 

MATERIALS AND METHODS 

Microorganism 
B. bifi ltum JCM 1254, of human origin, was purchased from the Japan Collection of 

:Microorganisms, Wako. 

Natural rubber serum powder (NRSP) 
NRSP was provided by Nakanihon Air Service Co. , Ltd. (Nagoya) . NRSP used in this 

s tudy was tile spray-dried product of natural rubber senJrn imported from Malaysia . It 
was composed of many kinds of amino acids, peptides, inorganic salts and so 011. The 
detailed composition of NRSP was described previous ly (Ishizaki, 1989) . 

Bioassay 
The microorganism was grawn in anaerobic jars (GasPak, BBL Microbiology Systems, 

Cockeysvill e, MD, U.s.A.) in thi oglycolate (TGC) medium without dextrose (Difco 
Laboratories , Detroit, MI, U.S.A.) and stored at 5 'C. The stored culture was precultu red 
in the bifidobacterium medium (Ishizaki, 1995) at 37'C for 24 h. The culture broth was 
centrifuged at 8,000 X g for 10 min. The precipitate cells were washed two times and 
suspended with sterile solution of KCI (1.08%). The basal medium used for a bioassay 
was B" assay medium (Dilco). The assay medium (3.6ml) was mixed with OAml of 
samples and then inoculated with 5% of the prepared inoculumn. The control contained 
0.4 ml of \Vater instead of the samples. Culture was carried out under an anaerobic 
condition at 37 ·C. The extent of grO\\1h was determined by measllling the absorbance at 
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562 nm (A'>I;2) at various Lime intervals. The grmvtb experiments were performed in 
duplicate or more eacb Lime, and resulting values were averaged in each experiment. 

Purification of BGSs 
NRSP was applied to ultrafiltration \\-1.th a membrane of molecular weight cut off 

(MWCO) lOOO (Amicon, Inc., Beverly, MA, U.S.A.). The ultrafiltrate obtained was 
t.ransferred into an adsorptive microconeentrator C\11CHOCON-SCX, Anlicon) and 
centrifuged at 1,200Xg for 1 min to remove ]mv-rnolecular-\veight contamlrtallts from the 
samples. The components adsorbed on the COIUTIUl were eluted viiJh 1.4 N NH~OHlrvleOH 
desorption reagent by centrifugation at 14,OOOXg for 15 sec. The eluate ,"vas dried vvith 
Speed Vac Concentrator (Savant Instruments, Inc., Holbrook, NY, l~.S.A.) and dissolved in 
\vater. The prepared samples were subjected to a reversed-phase high performance 
liquid chromatography (HPLC) on a DAISOI'AK SP-120-5-0DS-BP coluum (Daiso Co., 
Ltd., Osaka; 25 C11l X 4.6 mm inner diameter) and eluted "With a linear CH~CN gradient. 
(5-40%, 35 min) in water at. a flmv rate of 0.5 mVmin, while monitoring the absorbance at 
210 nm. The isolated fractions were then collected and dried with Speed Vac 
Concentrator. 

RESULTS AND DISCCSSION 

Effect of NRSP in B" assay medium 
Alt.hough B. bijidum, could not be grown in B l ~ assay medium at all, the addition of 

1 % (w/v) NRSP to the medium remarkably enhanced its growth (Fig. 1). This result 
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Fig. 1. Effects of NRSP and ammonium sulfate on Bifidobacteriurn 
bijidum JCM 1254 in Bu assay medium. 
B", assay medium CO) \vas supplemented \ ... ith 109/l NRSP Ce) 
and 2.5g!l ammonium sulfate C .... ). 
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indicates the higher sensitivity of ce lls to t.he growth-stimulating act ivit.y of NRSP on B1.! 
assay medium , the cell gro,\vth being slO\ver compa red to it in .the bifidobacte rium 
medium . NRSP contains ammonium s ulfate (lshi7..aki, 1989), the concentration of which 
was [ouno to be ca. 25% (\\r/\v- NRSP). Since ammonium suLfate is knmvH to be one of the 
major nitrogen sources of bifidobact.e ria (Tanaka and Mutai , IHSO), this inorganic s,llt in 
NRSP was considered to exhibit some of the growth- stimulating activi ty of NRSP as a 
cont.aminant. Actually, amItloniurn sulfate aided the growth of H b~jidum on a 
Jlutritional medium, which was infe rior to th e effect of NRSP (Oiki et at, 1996b). 
Therefore , the effect of ammonium sulfate a t the concentration corresponding to that 
contained in NRSP all. H lYljid'Lun was assessed in this experiment. As shmvn in Fig. 1, 
t.he growt h of the t.est strain was slightly affected by the addition of 0.25% ammonium 
sulfate to t.he medium. These result.s indicate that biologically active ingredients other 
than anunonium sulfate , namely BGSs, would probably be the main active princip les of 
NRSP and that B" assay medium was useful for evaluating the growth-stimulating activity 
of BGSs . In the proc:ess of purifJ,ing the BGSs from NRSP, thus, the growth-stimulating 
activity was defined as the absorbance of 562 nm after cultivation for 40 h. 

Partial purification of BGSs from NRSP 
As a firs t purificat.ion step, we pe rformed frac tionation of NRSP by using 

ul tra fil tra t,ion (MWCO 1000) to estimate th.e molecular size of the BGSs in NRSP. As 
shown in Fig. 2, t.he ultrafiltrat.e ob t.ained had an activity almost equal to t.hat of untreated 
NRSP, but the retained fraction hardly showed any growth-stimulating effects . This 
suggested that a low-molecular-weight matelial less than 1000 Da would be responsible 
for the growth- stimulating activity of NRSP. 

Adsorpt.ive microconcent.rator contains a strong cation exchange membrane which 
adsorbs virtually all amino acids and peptides. This device was used to concentrate 
peptides and. to desalt the ultrafiltrate . The eluate containing ammonium sulfates and so 
on was not found to have any growth-stimulating activity. However, the adso rbed 
fraction obtained also did not entirely exhibit growth-stimulat.ing effects , even when the 
concentration of the fraction in the medium lVas increased (Fig. 3) . Thus , despite a lack 
of lhe growth-stimulating activity i.n ammonium sulfate (Fig. 1) , the activity of the 
ultfaCiltrate was completely lost by desalting. To solve this contradiction, we assumed 
that anuuonium sulfate removed could be one of the key compollents for the expression 
o f the activity of the adsorbed fraction . Figure 3 shows that the adsorbed fraction 
expressed a growth-stimulating activity for B. bifidurn in a dose-dependent manner in 
the presence of 0.25% ammonium sulfate. This result revealed the presence of ceJtain 
grm-vth st.imulators in the adsorbed fraction. The aetivity of the adsorbed fraction, which 
'vas supplemented v.lith ammonium sulfate, at the concentration corresponding to that 
contained in the ultTafiltrate was a lit.tle lower than that of the ult.rafiltrate itself (The 
former value was 0.55 in Fig. 3, and the latter was 0.92 in Fig. 2). Thus, we established a 
suecessful bioassay system to isolate the desi red BGSs by complet.ely desalting the 
ultrafiltrate and then supplementing a small amoullt of ammonium sulfate to B" assay 
medium. 

To rapioly isolate the BGSs from NRSP, the adsorbed fraction was directly analyzeo 
on reversed- phase HPLC. The chromatogram is shown in Fig. 4 . The eluates were 
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broadl~y fractionated into four fractions, and the grmvth-stimulating activity of each 
fraction \vas measured on Bl~ assay medium supplemented ,vith 0.25% ammonium sulfate. 
Consequently, each fraction except for fraction A sho,ved a grovl'th-stimulating activity 
\vhich was unique to that fraction (Table). The activity of the mixture of all the HPLC 
fractions 'vas nearly identical with that of the adsorbed fraction (data not shown). Since 
all the active fractions shm-veri a positive ninhydrin-reaction t.est, the active ingredients in 
these fractions appeared to be amino acids and/or peptides. HO\\rever, the addition of a 
mixture of 20 kinds of amino acids could not stimulate the growth of the test strain on B,,) 
assay medium (data not. shmvn). This indicates that the peptide structure of the 
substances could be solely responsible for their functional activity. 

Some of growth stimulators for other microorganisms, for example, Klebsiella, 

Lactoba.cillus, have been isolated from proteinaceous compowlds as a single compound 
(Berg et aL, 1981; Zhao et at., 1996). Hm.vever, in this study, composite growth factors 
existed in the adsorbed fraction. Interestingly, the high-molecular-vveight fraction 
obtained by ultrafiltration also exhibited remarkable grov.rth-sLimulating effectti when 
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Fig. 2. Effects of ultrafiltrated NHSP on 
BiJidooocterium iYifirIum JCM .1254 in 
B", assay mcdilml. 
KRSP was fractionat.ed into high-and 
low-molecular weight fractions (H and 
L, respectively) by ultrarilt.raction 
(MWCU lUOU). Each fraction was added 
at the concentrat.ion corresponding to 
that contained in 1Og/l NHSP. 



456 S'. Eloh et al. 

1.0 

0.8 

0.6 

0.4 

0.2 

o o 0.1 0.2 0.3 0.4 0.5 

Adsorbed fraction concentration (%w/v) 
Fig. 3. Effects of collcenLrations of adsorbed fraction Oil B~fidobacteriurn 

bifidurn JCM 1254. 
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Adsorbed fraction was obtained by tre8.tment of t.he ult.rafiltratc 
(MWCO 1000) of NR..C;P ""it.h adsorptive microconccntrator. B" assay 
rrH~diUJT\ \ .. 'as supplemented with the adsorbed fraction in the 
presence of 2.5g/l ammonium sulfate (e) and ,",ithout anunoniuIH 
sulfate (0). The concentration of the adsorhed fraction (0.12%) 
corresponded to that contained in 109.rl NHSP. 
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Fig. 4. Reversed-phase HPLC analysis of adsorbed fraction. 
The crude BGS from adsorptive microconccntrator 'WaS 

subjected to HPLC. 
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Table. Effects of fractions from reversed-phase HPLC 
oniJijidobacterium iriji!i1lJn .JCivi 1254 

Sample' 

Adsorbed fracLion 
Fraclioll i\ 
F'ractioll R 
Fraction C 
Fraction J) 

0.887 
0.01;3 
0.241 
(USS 
O.llfl 

Each sample was added at the concentration 
corresponding to that contained in 109/j :\"HSP. 
The activity of the sample \vas detined as the 
cliffen-'llCf' in cell growlh of B. bifidum observed 
after 40h in B". assay medium cOTltaining 2.Gg/1 
anunonium sulfate, with and without, the sample 
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0.259i) amrnonium sulfate '..va...'> added (data not shm\ln). Poeh and Bezkorovainy (1991) 
have tried to isolate BGSs from casein enzymatic hydrolyzates. Although the,Y fomtd that 
sultllydryl groups were indispensable for the expression of the activity of casein 
en;;;ymatic hydrolyzates, the several synt.hetic peptides including cysteine and/or cystine 
had no gnnvth-stimulating activity. Furthermore, dispersal over several fractions and 
decrease in (.he growth-s(.imulat.ing ac(.ivi(.y \vere observed during t.he purificat.ion of BGSs 
from casein enzymatic hydrolyzates. These results were similar to those obtained in our 
experiment. Possibly, BGSs derived from proteinaceous compounds could stimulate lhe 
growth of RiJidobacterium synergistically. Regardless of the number of active peptides 
in the compounds, the imparlance of peptide structure has been emphasized because of 
the unique action mechanism VI'hich can not. be explained as the effect. of simple amino 
acid suppliers. Zhao et al. (1996) have supposed that. the pept.ides target periplasmic 
binding proteins or their peptide permeases of gram-negative bacteria, resulting in the 
slimulat.ion of a particular peptide transport system dependent on peptide stnlcLure. The 
activit.ies of four frartions oht.ainen "'"ith reversed-phase HPLC were different. to some 
extent. This result indicates the preferential utilization of the BGSs by B. bijidurn as the 
specificity of milk peptide utilization observed in Lactococcns lactis (Juillard et at., 
1998). Further investigation into the structure-activity relationships of the RGSs should. 
give some clues t.o clarify the complexity of demand for nutrients, \vhich is responsible for 
the limited bifidobacterial growth. 

Effects of several ammonium salts on the expression of activitiy of the BGSs 
\Ve found in t.he course of this purification step that a small amOlmt of anunonium 

sulfare \-vas required for the expression of the activity of the BGSs on 13: 8 assay medium. 
Since ammonium sulfate is one of anunonium salts which are major nitrogen sources for 
B,jfdohacterium (Matleu7,zi et al, 1~J78), \ve focused on the role of ammonium sulfat.e as 
an ammonium salt in the complementary effeet with the BGSs. Ammonium nitrate and 
ammonium chloride were tested as other ammonium salts. As shown in Fig. 5, both 
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ammoniulll salts also aided the expression of the activit,Y of the BGSs although their 
complement.ary effects on the groVi-th \"ere different. 

Oiki at al. (1996a) shmvecl that NRSP stimulat.ed the grmvth of B bifirhun in a 
similar manner to casein on the basis that both could be utilized not. onl;y as a gnnvt.h 
stimulat.or bill also as a sourcp of nitrogen by B. bijidum on the minimal bifidobacteriuIll 
medium. Hmvever, the complete removal of arnmonium sulfate from I\R..SP revealed that 
the BGSs in NRSP could not act as a simple nitrogen supplier independently but express 
the activit), through the complementary effects with inadvertently contaminated 
arnmoniwn sulfate on a synthetic medium sueh as Bu assay medium. At present, we can 
not clearly understand the role of ammonium sulfate in the expression of the activity of 
the BGSs. It is considered that. ammonium sulfat.e \vould support the expression of the 
activity of the BGSs either directly or indirectly. Poeh and Bezkorovainy (1991) have 
proposed a carrier for common metals, vitamins, or lipids, as one of the action 
mechanisms of fe-casein. On the other hand: Juillarcl et ai. (1998) investigated the 
specificity of milk peptide ut.ilization b:v Laclo(:occ'us laclis. They also found that the 
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Fig. 5. Effects of several ammonium salts Oil the expression of the activity of the BGSs. 
{3" assay medium contaiIling the indicated ammonium salts was supplemented 
\vith (black bars) and wilhout (hatchpd bars) [1,24% (wiv) adsorbed fracion 
(A.F,). Ammonjum salls ,""ere added as follows: +A.s., lR,H1l111 ammonium 
sulfate; + A,:-J., :J78mM ammonillm nit,rale; + A.C., :37.8mM ammonium 
chloride. 
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oligopeptide fraction in milk required some essential amino acids contaminated for the 
expression of the grovvt.h-st1..."1mlating activit;,-'. Thus, it has been obsen'ed t.hat peptide 
fractioll expresses the activity toget.her 'Aith additional nitrogen sources. Generally: some 
nutrient.s such as pept.idcs and sugars arc incorporat.ed into a cell through varions 
accumulat.ed energy' forms, sllch as proton motive force and ATP-driven force (Poolman, 
199:3). In our case, no cell-grmvth '.va. .. ':: obscr/ed in Bj~ assay med.ium alone (Pig. 1). This 
result indicat.es t.hat intracellular metabolic flux \vould not be fully activated. As a result, 
intracellular ATP production and formation of pH gradient between inner and outer 
mambrane did not. occur. According to t.his hypot.hesis, t.he addition of ammonium 
sulfate, which was easily incorporated into a cell: triggered the cell growth as an 
additional nit.rogen source, t.hen the BGSs 'were subsequently ut.ilized by the met.abolically 
activated cells. Oiki et al. (l996b) actually found the metabolic activat.ion of cells in the 
presence of NRSP. If there 'Nere nitrogen sources in t.he meiliwn enough t.o grow cells 
even slightly, the BGSs might be effectively utilized by the test strain. Figure 5 
demonstrates the expression of the activity of the BGSs by several ammonium salts which 
induced a little cell growth as nitrogf:n sources on Bl~ assay medium. Especially, 
ammonium chloride exhibited a complementary effect. more remarkably than other 
ammoniuIll ::;al1.s. The addition of ammonium chloride insT.cad of ammonium sulfate to Bl~ 
assay rnecliwn would lead t.o the est.ablishment of a more excellent bioassay system for 
the further purification of the BGSs. At the industrial level, it is expected that a higher 
cell density culture should be done by the combination of the BGSs derived from NRSP 
\\'ith relatively cheap anunonium salts instead of expensive organic nitrogen sources. 
Althuugh the st.udies on the uvtake of sugars by Bilitiobaclerfv .. m have been report.ed oy 
several investigators (Degnan and Macfarlane, 199;3; Krzev.inski et at., 1996, 1997), no 
publications on the peptide transport system arc available. It is true that t.he BGSs \vould 
exhibit. a higher aclivity O\\ing to the peptide structure, but t.he extent of energy demand 
for the uptake of the pept.ides might characterize the limited bifidobacterial grov,th 
compared to other microorganisms. 

Furthermore, the peptide content in the medium used has been found to affect the 
regulation of prot.eolytic activit..)-.' in LCl£toco(;cas lactis (ivfeijer el al., ID96). On the ot.her 
hand, it has heen reported that B~Iidob(1.cleTiuTn utilizes peptides produced by t.he 
protei.nase of lactic acid bacteria, which is employed as a mixed starter in milk, due to its 
relat.ively low proteolytic activi1.y (Tamine et al.: 1995). In t.his view point, the 
relationship be1.\vcen proteolytic activity of B1Jidobacteriufn and the content of nitrogen 
sources in a medium seems to be interesting. Thus, the presence of nitrogen sources in a 
medilUn could playa significant role in the process of the utilization of peptides in these 
microorganisms. 
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