Korean J. Chem. Eng., 22(1), 121-126 (2005)

The lon-exchange Kinetics of SAM*/H" Sysgem with JK110 Resn

Yong Chen, Zhinan Xu*, Wenhe Shen*, Jianping Lin* and Peilin Cen*

Pharmaceutical Informatics Ingtitute, Department of Chinese Medicine Science & Engineering,
Zhdjiang University, Hangzhou 310027, China
*|ndtitute of Bioengineering, Department of Chemical Engineering and Bioengineering,
Zhgjiang University, Hangzhou 310027, China
(Received 1 Septermber 2004 « accepted 15 November 2004)

Abstract—S-adenosyl-L-methionine (SAM) is an important smal molecule with many medical interests. The ion-
exchange kinetics of SAM*/H* system with JK110 resin has been studied in this work. The results showed that intra-
particle diffuson was the rate limiting step in the ion-exchange process. A suitable mode of particle diffusion has been
proposed to describe the effects of pH, temperature and SAM concentration in the solution on the ion-exchange rate.
By simulating experimentd data with modd equation, some parameters such as diffusion congtant B, internd diffusion

coefficient D; and activation energy E, are obtained.
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INTRODUCTION

S-Adenosyl-L-methionine (SAM), which is found in dl living
organiams [Alessandra et d., 2002], is one of the most important
smdl molecules with biologicd activity. As shown in Fg. 1, the
molecular dructure of SAM congsts of an active methyl moiety
and an energy-rich sulfur stom. The significance of SAM reaults
from thefact that SAM isthe principd biologica methyl group donor
and the precursor of aminopropyl groups in polyamine biosynthe-
sSs[Giulidori et d., 1984; Alesssndraet d., 2000]. Moreover, SAM
isthe unique neturd sulfonium compound in the metaboliam of sulfur
amino acids. It isaso aprecursor of glutathione (GSH) through its
converson to cysene viathe trans-aulfuration pethway [Lu, 2000].
Given the importance of SAM in cdl function, it is not surprisng
that this molecule is being administered as an important therapeu-
ticsfor the trestment of various dlinicd disorders such asliver dis-
easss[Mao et d., 1997, Lieber, 1999, odeoarthritis[Vettereet d.,
1987] and depressve syndromes [Anderer et d., 2002]. In addi-
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Fig. 1. Chemical structure of the SAM molecule.
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tion, SAM has potentid importance as a cancer chemaoprevertive
agent [Pescde e d., 1992] and has thergpeutic effectiveness on hy-
perlipemia, arteriosclerod's, Parkinsons disease, and senile demen-
tia[Ftiedd et d., 1989).

SAM isanintracdlular product of yeest cdls when L-methion-
ine is added as precursor. The traditiond separation procedure of
SAM indudes extraction of SAM from yeast cells, precipitation
of SAM by picrolonic acid and formation of stable sdt [Fecchi,
1977]. The processinvolves many seps and the overdl recovery is
reaively low. Also, the procedure consumes large amount of sev-
erd kinds of organic solvent, which will make the process more
complex and lead to possible environmentd pollution.

In our previous work [Hui, 2002], SAM separation by ion-ex-
change method was developed ingtead of picrolonic acid precipita
tion. It was found that K110 resin was the mogt suitable one for
the recovery of SAM from the yeast extract because of itshighion-
exchange capacity and rgpid adsorption rate.

In thiswork, the effects of various operation conditions, such as
pH, temperature and SAM concentration, on the rate of ion exchange
will be examined, and the rate limiting step of the ion-exchange
processwill be andyzed.

EXPERIMENTS

1. Materials

J110 resn, which isakind of week acid cationic exchange resin,
used in thiswork is provided by Shanghai Huazhen Resin Corpo-
ration (Ching). And the basic physicochemica properties of K110
resin areliged in Table 1. Before gpplication, the resin is pretrested
to H* type. All the chemicds are in AR grade or better. The yeest
extract containing SAM s prepared from Saccharomyces cerevisae
in this laboratory.
2. Methods
2-1. Preparation of the Extract Containing SAM

SAM isprepared by the cultivation of Saccharomyces cerevisae
in the existence of L-methionine. Through fed-batch fermentation,



122 Y. Chenetdl.

Table 1. Basic physicochemical properties of JK110resin

Average particle diameter (mm) Matrix Functional group Exchange capacity (mmol/g) Regeneration
0.64 Acrylic acid Carboxyl 125 1 mol/I NaOH
1 mol/| HCI
yeedt cdls were harvested and treated with 0.12val. of ethyl ace- 0 aaa, . e
tate: and then 0.50 vol. of 0.18 mol/l sulfuric acid were added under . \. /‘ \ /*’ Ny
vigorous gtirring for 2 hours. The cdll debris was removed by cen- § 0.8 L 7 \ /
trifugation in a Sorvall centrifuge (Du Port Company, USA)a § | \ /'\_ / \ / VT S
5,000 rpm and 4 °C for 20 minutes. The clear supernatant contain- 2 o6 J { \/ CaSAM®
ing SAM, namdly extract, was obtained for ion-exchange experi- = —a—sAM"
ments. % ] L —+— SAM’
2-2. Measuremert of lon-exchange Rate of SAM 5 % /4 —SAM
Theion-exchange rates of SAM on K110 resin were measured % ]
inabesker on athemostatic magnetic sirrer (Modd 78HW-1, Hang- g0 "
Zhou Ingrument and Meter Plant, China) a variousinitid pH (ad- 2
justed by 0.05 mal/l phosphate buffer). In the beaker, 50 ml of solu-

tion with known initid SAM concentration was contained, and then
1.0 gram of wet resin was added to gart the ion exchange process.
Samples of solution were taken and the SAM concentration was
measured by HPLC in certain time interva. The amount of ion-
exchange of SAM (q) and the fractiond atainment of eguilibrium
(F) are caculated with following equetions, respectively.

_(G—c)xv
g =20 ®
F=(CD _CI)XV =& (2)
wq., .

2-3. Andyticd Methods[Hoffman, 1986; W et d., 2001]

An Agilent 1100 series HPLC system equipped with a Hypersl
BDS C,; reversad-phase andyticd column (250x4.6mm 1. D., 5um
paticle) was used to andyze the SAM concentration The mobile
phase conggts of 2 mmol/l hetanesulfonic adid sodium sdt, 40 mmol/
I NH,H,PO, and 18% (v/v) methanal, and the flow rateis 1.0 ml/
min. The wavdength of UV detector is st & 254 nm. Before andy-
95 the samples should be diluted properly.

RESULTS AND DISCUSSIONS

1. Dissociation Equilibrium of SAM in Aqueous Solution

According to the molecular sructure of SAM asshowninFg. 1,
in each SAM molecule, there are four groups which can be dissoci-
ated: one amino group in methionine residue, another amino group
in purine moiety, one carboxyl group and one sulfonium group. The
pK vaues are 11.5, 7.8, 1.8 and 34, repectively [Farooqui et d.,
1983]. The multileve dissociation equilibrium occurs in the aque-
ous solution asfollows

SAM* <Fi> GAMZ <o GAME <P GAMO<Him SAME

The caculated digribution curves of four kinds of ionic forms
as well as the molecular SAM, according to an equation derived
by Handerson-Hasselbach, are shown in Fg. 2. It is obvious that
theionized forms of SAM will change from SAM*, SAM#, SAM,
SAM° to SAM"™ with theincresse of pH vaue.

The SAM is more gable a acidic condition according to the lit-
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pH value

Fig. 2. Dissodiation curves of SAM in aqueous solution at differ-
ent pH value.

eratures [Alessandra e d., 2002; Hoffman, 1986; Lu, 2000]. For
H*-type week acidic cationic ion-exchange resin, the ion exchange
can be performed a low pH vaue, where SAM will be positively
charged and geble
2. Determination of Rate Limiting Step

The overdl rate of the ion-exchange is depended on both mass
trander resstance and mass-action mechanism. Generdly, in the
ion-exchange process, the ion-exchange reaction is very fast and
the diffuson is the mgor factor affecting the overdl ion-exchange
rate. The mass trander resstance for ion-exchange process con-
sgs of both liquid film diffuson and intra-particle diffuson [Sd-
varg e d., 2004]. It is preferred to know which gep isthe rate-lim-
iting step for the purposes of process enhancement and design.

In the case of liquidHfilm diffusion contral, the diffusion rete equa-
tion can be developed based on the Fick's Law and mass baance
asfollows[Boyd & d., 1947; Yue and Wang, 2000].

In(1—F) =—kit €)

where, k; isthe mass trandfer rate congtant of liquid-film diffusion,
k,=3D/r,bc. It is obvious that alinear rdaionship should be rdiable
between In(1-F) and tin liquid-film diffuson and the dopeisk,.

For intra-particle diffuson control, according to the Fick's Law
of gohericd partides, the uptake curve in ion-exchange process can
be described as

6 >, 1 2
F=1-=Y% =exp(—n"Bt 4
nz,g‘lnz P ) @

where B istheinternd diffusion congtant, B=D,7/r2. For each ex-
perimentd vaue of F, avaue of Bt is obtained from Eq. (4). When
the ion-exchange rate complies with particle diffuson, Bt should
follow alinear rdaionship with t, and the dopeisB.

A typica uptake curve of SAM on K110 resnisshownin Hg.
3. According to Egs. (3) and (4), the rdaionships of In(1-F) vs. t
aswdl as Bt vs t are plotted in Fig. 4, respectively. It is obvious
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Fig. 3. lon-exchange uptake curve of SAM on JK110resn (,=4.0
gl, T=298K, pH 7.0).
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Fig. 4. Edimation of interaction mechanism between SAM* and
H* (R% correlation coefficient).

that In(1-F) vs t does not exhibit alinear rdationship; therefore,
film diffuson is not the limiting step in the overdl ion-exchange
rate. A sraight line was observed between Bt and t, which explained
that the intra-particle diffusion is the limiting step and determines
the overdl ion-exchangerate.

3. Effect of pH Values on |on-exchange Rate

As shown in Fig. 2, the dissodiation of SAM is very complex
and depends greetly on the pH vadue The ionic form of SAM a
different pH vaue isamgor factor affecting the ability of ion ex-
change. Thus, the pH vadueis an important factor affecting the dis-
sociation of ion-exchange resin aswell asthe rate of ion exchange.
The effects of pH vaue on the uptake curves of SAM on K110
resn are shown in Fg. 5. The pH vaues were st a pH 3.0, 5.0
and 7.0, respectively.

The uptake curves were able to be corrdaed by Eq. (4), and the
resultsare shown in Fg. 6. Table 1 ligsthe smulated B vaues and
intra-particdle diffusvities. It is dear that theion-exchangerate is con-
trolled by intra-particle diffuson regardiess of what the pH vadue
is

It was found that when the pH value was raised from pH 3.0 to
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Fig. 5. Uptake curves of SAM on JK110 at different pH values (T=
298K, c,=4.0g/l). pH values ll 3.0, @ 5.0, A 7.0.
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Fig. 6. Effect of pH on exchange vdodity. ll O A experimental
data; — modd prediction, pH values ll 30, A 50, O 7.0.

Table 2. The values of B and D, at different pH values

pH 3.0 5.0 7.0
B,s* 5.55x10™* 1.09x10° 8.12x10*
D,, cm?/s 8.38x10°° 1.64x10°° 1.23x10°®

Table 3. The calculated proportion of SAM with different valent

in the solution
H value SAM¥*  SAM* SAM* SAM°  SAMY
P % % % % %
3.0 4.3 68.4 27.3 - -
50 -* 2.4 97.4 - -
7.0 - - 86.3 13.7 -

*indicates the fraction lower than 0.5%.

pH 5.0, theion-exchange amount & equilibrium increasad from 10.32
mg/g to 32.41 mg/g. Also from Table 2, the intraparticle diffusivity
incressed from 8.38x10°° to 1.64x107° cnf/s. Table 3 lids the cd-
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culaed fractions of various SAM dissociation patterns at different
pH vaue At pH 3.0, the fractions of SAM*, SAM* and SAM*
are 4.3%, 68.4% and 27.3%, repectively, whereas <0.5%, 2.4%
and 97.6% a pH 5.0. The ion exchange of each SAM* or SAM*
will oocupy three or two active Stesin K110 resin, therefore result-
ing in low ion-exchange capadity. Also, thelow pH vaueisnot pre-
ferred for the dissociation of wesk acidic ionexchange resn K 110;
thus it isunfavorable for ion exchange of SAM. Inthe meanwhile,
theionic radii of SAM* and SAM* are larger than that of SAM,
whichwill cause adecreasein theintra-particle diffusivity.

Further raising the pH vaue to 7.0 will cause the decrease in the
ion-exchange cgpability as show in FHg. 5. From Fg. 2, it is clear
that 13.7% of neutrdl form of SAM° appears except SAM*, which
does not have the ability of ion exchange. The decreasesin theion-
exchange capability as wdl as the diffusvity reflect the effect of
SAM?C indeed.

4. Effect of SAM Concentration on Uptake Curves

Theeffect of theinitid SAM concentration on the uptake curves

60 -
A
A
50 A
= A
‘B 404
o
- A
[}
[ ]
2 304 ° *
2 °
)] A
1S
cJ;20— A °
| ° ™ - n n
10-{4e .
L
Ll
0 pt— 71—
0 10 20 30 40 50 60
t, minute

Fig. 7. Uptake curves of SAM on JK110 at different concentration
of SAM. T=298K,pH 5.0; ¢, ll 29/, @ 49/, A 109/.
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Fig. 8. Effect of concentration on diffusion coefficient. ll @ A ex-
perimental data, — modd prediction; ¢, @29/, A 491,
10g/l.
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Table4. Thevaluesof B and D, at different initial concentration

of SAM
Co, 0l 2.0 4.0 10.0
B,s! 559x10* 1.09x10°3 1.32x10°3
D;, cmé/s 8.47x10° 1.64x10° 1.99x10°

was evauated a 25 °C and pH 5,0, and the resultsare shown in FHg.
7. The amulated curves and diffusivities according to Eg. (4) are
shown in Fg. 8 and Table 4. It is obviousthat the ion-exchange ca-
pecity is higher a higher initid SAM concentration. The control-
ling step affecting ion-exchange rate is il the intra-particle diffu-
son. The gpparent diffusivity is enhanced with theincrease of initid
SAM concentration.
5. Effect of Temperature on Uptake Curves

The effects of temperature on the uptake curves were investigated
a pH 5.0, and the reaults are illugrated in Fg. 9. The plots of Bt
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Fig. 9. Uptake curves of SAM on JK110 at different temperature.
=409/, pH 5.0; T,K: Il 288, O 298, A 308.

R*=0.997
R°=0.999
A _ R’=0998

Bt

T T v T T T v T T T g T
0 10 20 30 40 50 60

t, minute
Fig. 10. Effect of temperature on exchange velocity. (1 O A ex-

perimental data, — modd prediction; T, K: [] 283, A 298,
O 308.
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Table5. Correlated valuesof B and D, at different temperature

T, K 288 298 308
B,s* 9.66x10™ 1.09x10°® 1.14x10°®
D;, cn/s 1.54x10°° 1.64x10°° 1.72x10°°
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Fig. 11. The effect of temperature on intra-particle diffusivity.

vs. t and the corrdated parameters B, D, are shown in Fig. 10 and
Table5, respectivdy. When the temperature was increased from
288K to 308 K, theion-exchange rate was speeded up, but thein-
crease was quite small. The resultsindicated thet the ion-exchange
between SAM* and H" was an endathermic process. While, the wesk
dependency of the rate on temperature aso showed that the rate-
limiting Sep of the ion-exchange process was nat the chemicd reec-
tion but the mass trandfer.

Diffuson coefficient D; and temperature T comply with Arrhe-
nius formula:

D=D, exp(-E/RT) ®

Hg. 10 showsthe rdationship between log D, and 2/T. And the acti-
vation energy of this process cdculated from Arrhenius formula
was quite low (3.96 KI¥mal), which further indicated thet the limit-
ing step was mass trander.

CONCLUSIONS

1. The rate-contralling Sep of ion exchange between JK 110 week
acidic resn and SAM istheintra-particde diffuson.

2. The dissodaion pattern of SAM at different pH values mekes
a ggnificant effect on the ion-exchange rate. At pH 5.0, the ion-
exchange rate aswel asthe ion-exchange capacity isthe highest.

3. The exchange rate rises with the increase of SAM concentra:
tion in the solution and temperature. The activation energy of ion-
exchange process cdculated from Arrhenius formulais 3.96 KJ
moal.
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NOMENCLATURE

s internd diffusion constant [s™]

> initial concentration of SAM [g/1]

: the concentration of SAM in the solution at t time[g/l]

: the activation energy when E,=0

s internal diffusion coefficient [cm?/s]

: diffusion coefficient in the liquid film [cm?/g]

: apparent activation energy [kJmol]

: fractional attainment of equilibrium

: congtant of liquid-film diffusion

: ion-exchange capecity of SAM on K110resina ttime[mg/
g (wet resin)]

: equilibrium exchange cgpecity of SAM [mg/g (wet resin)]

: radius of resin particle [cm]

: volume of the extract [ml]

: weight of wet resin [g]

: distribution coefficient

: thickness of liquid film
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