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IIg: R' = =0, R? = H. DL-metionyl- DL-metionin va cdc mudi clia né c6 thé

ding lam chét phy gia thic an trong hén hop thiic an cho dong vat thily san nuoi.
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Linh vie ky thuat dwoc dé cap

Séang ché dé cap dén quy trinh méi dé tdng hop metionylmetionin, dipeptit ciia
metionin, va tmg dung cu thé ctia ching 1am chét phu gia thirc 3n & dang don 1¢ hoic

trén v6i metionin 1am ngudn dinh dudng cho c4 va dong vat giap xAc.
Tinh trang k§ thuit ciia sang ché

Céc axit amin thiét yéu (essential amino acids - EAA) nhu metionin, lysin
hodc threonin 12 cic hop phin rt quan trong 1am chét phu gia thirc #n trong ngudn
dinh dudng cip cho dong vat va déng mdt vai trd quan trong trong qua trinh chin nudi
thwong mai cac dong vat 1ay thit, tring hoic sita ching han nhu ga, lon va dong vat
nhai lai. Viéc bd sung EAA vao nguén protein ty nhién nhu ddu nanh, ngd va lua mi
mdt mit ¢ thé c6 tac dung 1am cho ddng vat ting truéng nhanh hon, hodc cho nhiéu
sita hon & nhitng con bd cho nhiéu sita, nhung mic khac con 1am cho viée st dung
thirc &n hiéu qua hon. Piu nay mang lai loi thé thuong mai rat 16n. Thi truong cia cc
chét phu gia thirc &n déng mdt vai trd 16n trong nganh coéng nghiép va thuong mai.
Ngoai ra, viéc san xudt cdc chét nay 1a mat thi truong phat trién nhanh, dic biét 1a voi

céc nude ting truéng nhanh, ching han nhu Trung Quéc va An Db.

L-metionin (axit (S)-2-amino-4-metylthiobutyric) 1a axit amin han ché dugc
ding diu tién cho nhidu loai déng vat ching han nhu ga, vit, ga ty va ngoai ra con
dung cho nhiéu loai c4 va dong vat vo gidp va do d6 c6 mot vai trd rat quan trong
trong ngudn dinh dudng cip cho dong vat va lam chét phu gia thirc an (Rosenberg va
cac déng tac gia, J. Agr. Food Chem. 1957, 5, 694-700 va Lovell, T. R., J. Anim. Sci.
1991, 69, 4193-4200). Tuy nhién, trong qua trinh téng hop héa hoc thong thuong,
metionin dugc tao ra dudi dang raxemat, 1a hdn hop 50:50 ctia D- va L-metionin. Tuy
nhién, DL-metionin & dang raxemic nay c6 thé duoc st dung tryc tiép lam chit phu
gia thirc dn vi & mot sb loai trong didu kién in vivo ¢6 co ché chuyén dbi chuyén hoa

chét ddng phan d6i anh D metionin khong cé trong tw nhién thanh chét ddng phan dbi
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anh L ty nhién. Qua trinh nay doi hoi réng trudc hét D-metionin dugc khir amin thanh
a-ketometionin nho D-oxidaza khong dic hiéu, va sau d6 dugc chuyén hoa tiép thanh
L-metionin nh¢ L-transaminaza (Baker, D.H. in “Amino acids in farm animal
nutrition”, D’Mello, J.P.F. (ed.), Wallingford (UK), CAB International, 1994, 37-61).
Lugng L-metionin c¢6 mit trong co thé dugc ting 1én nho d6 va khi d6 c6 thé c6 tic
dung dén sy phat trién cua dong vat. Pa nhéan thiy c6 sy chuyén héa tr D-metionin
thanh L-metionin nho enzym & ga, lon va bc‘), nhung dédc biét 1a con & cac loai ¢4 dn
thit va &n tap va con & tom va tdm he. Do vay, vi dy, Sveier va cic dong tic gia
(Aquacult. Nutr. 2001, 7 (3), 169-181) va Kim va céc ddng tac gia (Aquaculture 1992,
101 (1-2), 95-103) da chi ra ring c6 thé c6 qué trinh chuyén héa D-metionin thanh
L-metionin trong lodi c4 hdi Pai Tdy Duong an thit va c4 hdi van. Robinson va céc
dong tac gia (J. Nutr. 1978, 108 (12), 1932-1936) va Schwarz va cic ddng tac gia
(Nghé nudi trong thiy san 1998, 161, 121-129) cling da chiing t6 dugc ring ciing xay
ra qué trinh trén véi céc loai c4 #n tap ching han nhu cé tré va c4 chép. Ngoai ra,
Forster va Dominy (J. World Aquacult. Soc. 2006, 37 (4), 474-480) trong thit nghiém
cép thirc an cho tdm &n tap thudc lodi Litopenaeus vannamei di cho thiy ring

DL-metionin c6 hoat tinh giéng nhu L-metionin.

Nam 2007 san lugng trén toan thé gi¢i ciia DL-metionin & dang tinh thé va
chit trong tu metionin hydroxy 16ng raxemic (metionin hydroxy analog - MHA, axit
rac-2-hydroxy-4-(metylthio)butanoic (HMB)) vda MHA canxi rén 1 nhiéu hon
700 000 tin, dugc sir dung truc tiép thanh cong 1am chét phu gia thirc &n cho dong vit
mot khoang bung chéng han nhu gia cim va lon. Do viéc chin nuéi c4 va dong vat
gidp xéc trong nudi trdng thiy san quy md cong nghiép cao phat trién thuong mai
nhanh chéng, trong nhitng nam gin dy viéc lya chon ngudn cung cAp metionin mot
cach hiéu qua va kinh té da trd nén cang quan trong chinh trong linh vuc nay (Food
and Agriculture Organization of the United Nation (FAO) Fisheries Department “State
of World Aquaculture 20067, 2006, Rome, International Food Policy Research
Institute (IFPRI) “Fish 2020: Supply and Demand in Changing Markets”, 2003,
Washington, D.C.). Tuy nhién, khéc v6i ga va lgn, d4 nay sinh cac vin d khac nhau
khi str dung metionin, MHA hodc Ca-MHA lam chét‘phu gia thirc #n cho mot sd loai
ca va dong vat giap xac. Do vay, Rumsey va Ketola (J. Fish. Res. Bd. Can. 1975, 32,
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422-426) di cho thdy rang viéc st dung db an tir dau nanh két hop véi axit amin &
dang tinh thé dugc bd sung don 1¢ khong lam ting tac dung ting truéng bét ky cho ca
hdi van. Murai va céc ddng tic gia (Bull. Japan. Soc. Sci. Fish. 1984, 50, (11), 1957)
da chi ra ring viéc cung cip hang ngay thic an cho cé véi ty 1€ cao axit amin b sung
dang tinh thé cao 1am hon 40% axit amin tu do trong ca chép bi thoét ra qua mang va
than. Vi c6 su hdp thu nhanh chéng axit amin duge bd sung vao sau khi dung thic an,
nén c6 sy gia ting rit nhanh nbng d¢ axit amin nay trong huyét twong méu ca (dap Umg
nhanh). Tuy nhién, vao thoi diém néy; c4c axit amin khac trong ngudn protein tu nhién
chﬁng han nhu dd #n tir ddu nanh van chua cé mit trong huyét turong, nén c6 thé din
dén su c6 mit khong ddng thoi cla tht ca cac axit amin quan trong. Két qué cua hién
tugng nay 13 mot phin axit amin c6 ndng d6 cao dugc bai tiét ra nhanh chéng hodc
tham gia vao qua trinh trao dbi chét trong co thé mot cach nhanh chéng, va dugc st
dung vi du nhu 1a nguén ning luong tinh khiét. Do d6, chi dat dugc muc ting trudng
thép hodc khong c6 sy ting trudng, khi st dung axit amin & dang tinh thé 1am chét phu
| gia thirc &n (Aoe va cic ddng tac gia, Bull. Jap. Carp Soc. Sci. Fish. 1970, 36, 407-
413). Viéc bd sung axit amin & dang tinh thé c6 thé din dén cic vin @& khac nira &
dong vat giap xéac. T4p tinh &n tir tir cia mdt s6 dong vét giap xac ching han nhu t6m
thudc loai Litopenaeus Vannamei, va do thirc an luu lai trong nuéc trong thoi gian dai,
1am cho axit amin tan trong nu6c duge bd sung vao bi hoa tan (ngém chiét), cung clp
ngudn dinh dudng tdt cho nuéc chir khong lam ting sy ting trudng ctia dong vat

(Alam va cac ddng tac gia, Aquaculture 2005, 248, 13-16).

Do d6, dbi voi mot s6 loai va ng dung nhét dinh, d cung cip hiéu qua thac
dn cho c4 va dong vit gidp x4c 12 dong vat thiy sin nudi, cdn c6 dang san phim
metionin dic biét, ching han nhu metionin dugc bao vé bing phuong phép hoa hoc
hodc vt ly thich hgp. Muc dich ctia viéc nay 14 mot mit san phém van giit du 6n dinh
trong mdi trudng nude trong qud trinh cho dn va khong bi hoa tan ra khéi thirc dn. Mic
khéc, san phém metionin ma thuc t& dugc dong vat in vao c6 thé dugc sir dung mot

céch toi vu va véi higu qua cao trong co thé dong vat.

Trudc day, da c6 nhiéu nd lyc phat trién chét phu gia thirc &n thich hop, dic

biét 1a chat phu gia trén co s& metionin, cho c4 va dong vt gidp x4c. Do viy, vi dy,
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WO 8906497 @ cap dén viéc sir dung di- va tripeptit 1am chit phy gia thic &n cho cé
va dong vét gidp xdc. Muc dich clia viéc st dung 13 thic ddy sy ting trudng cia dong
vat. Tuy nhién, cac di- va tripeptit dugc wu tién sit dung trong trudng hop nay 1a céc
axit amin khong thiét yéu va do d6 con 14 axit amin khong han ché ching han nhu
glyxin, alanin va serin. Dipeptit chi chira metionin dugc md ta 1a DL-alanyl-DL-
metionin va DL-metionyl-DL-glyxin. Tuy nhién, diéu niy c6 nghia 12 v& m3t hidu qua
chi 50% hoat chét (mol/mol) c6 mat trong dipeptit ndy, va diéu nay phai dwoc nhan
biét 12 rit bét lgi xét trén khia canh kinh té. WO 02088667 d& xuét phuong phép tong
hop chon loc dbi anh va st dung oligome cia MHA va axit amin chéng han nhu
metionin lam chét phu gia thirc #n, ngoai ra 14 céc chit khac, cling dung cho ca va
dong vat gidp xdc. Trong tai liéu ndy di néu ring nhd d6 co6 thé dat dugc su ting
truéng nhanh hon. Céc oligome duge mé ta dugc lip ghép bing phan ung dugce xtc
tac bing enzym va thé hién phan bd chidu dai mach oligome don 18 rét rong. Diéu nay
1am cho quy trinh san xuét va tinh ché tr& nén khong c6 tinh chon loc, chi phi cao va
phtc tap. Trong US 20030099689, Dabrowski va cic ddng tac gia d& xut viéc sir
dung peptit tdng hop 1am chét phu gia thirc an dé thuc diy sy ting trwdng ciia dong vat
thily sinh. Trong trudng hgp ndy, ty 1¢ ciia peptit trong ché phim thirc 3n day du c6 thé
1én dén 6-50% theo khéi luong. Tt hon néu peptit tdng hop nay bao gdm céc axit
amin thiét yéu va khong han ché. Tuy nhién, qué trinh tdng hop oligo- va polypeptit
dugc tdng hop nhu vay 1a rit phirc tap, chi phi cao va khé chuyén thanh san xut & quy
mo cdng nghiép. Ngoai ra, hi€u qua cua cac polypeptit chira mot loai axit amin van 13
van d& nghi ngd, boi vi cac polypeptit nay thudng dugc chuyén héa rit chdm hoic
hoan toan khong chuyén hoéa thanh axit amin tu do trong diéu kién sinh ly. Do vy, vi
du, Baker va cac ddng tic gia (J. Nutr. 1982, 112, 1130-1132) cho thiy poly-L-
metionin khong c6 gia tri sinh ly trong ga vi né hoan toan khong tan trong nuéc, nén

khéng thé hip thu dugc trong co thé.

Bén canh viéc sir dung din xuét metionin héa hoc méi chdng han nhu cic
peptit va oligome chira metionin, ciing d4 c6 khao sat vé cac dang bao vé vt ly khac
nhau, ching han nhu cic 16p bao va két hgp axit amin trong chit mang bao vé. Do
vay, vi du nhu, Alam va cac déng taic gia (Aquacult. Nutr. 2004, 10, 309-316 va
Aquaculture 2005, 248, 13-19) da cho thay 1a khac v6i dang khdng dugc bao, metionin
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va lysin dugc bao ¢6 anh huc’mg rét t6t dén sy ting trudng cia tom Nhat ban bé. Mic
du viée sir dung 16p bao dic biét c6 thé han ché su ngam chiét cia metionin va lysin ra
khoi dang vién thirc &n, phwong phép niy c6 mét s nhuge diém quan trong. Quy trinh
didu ché hodc bao boc metionin thudng 1a phirc tap vé mat k¥ thudt va ti mi va do d6
chi phi cao. Ngoai ra, sau khi bao, bé mit bao ciia metionin d& bj phé huy boi ng sut
co hoc va mai mon trong qua trinh ché bién thirc an, c6 thé 1am giam hoic 1am mét
hoan toan 16p bao vé vat ly. Thém mot yéu té nita 1a ham luong ciia metionin giam di,

va do d6 thudng 1a viéc tao 16p bao hoic sir dung chit nén 12 khong kinh té.

Ngoai tng dung méi sang tao sir dung DL-metionyl-DL-metionin 1am chét
phu gia thirc 3n c6 dic tinh chiét chim tir vién nhé va vién dun thirc an, va sy cung cép
t6i wu metionin vao co thé thong qua su phan cét giai phong tir tir metionylmetionin,
cdc tic gid sang ché nay da phat trién dugc quy trinh méi d& san xuét
metionylmetionin c¢6 nhiéu wu diém so véi céc dang quy trinh didu ché nhu da biét.
Phin 16n cac phuong phap tdng hop dipeptit da dugc boc 19 trong tai li€u sir dung cac
nhém bao vé dit tién ching han nhu cic nhém bao vé Boc-(fert-butoxycarbonyl) hodc
Z-(benzyloxycarbonyl), cdc nhdm nay dugc dinh vao axit amin thich hgp truéc khi
tién hanh tng hop dipeptit cAn didu ché, va sau d6 dugc loai ra. Ngoai ra, thong
thuong cAn phai hoat héa axit amin s& dugc lién hgp. Do viy, c6 thé didu ché
metionylmetionin bing cach thyc hién phan Ung lién hgp N-Boc-metionin véi este
metyl clia metionin bing cach sir dung dixyclohexylcarbodiimit (DCC). Nhugc diém
16n ctia qué trinh diéu ché nay 1a viéc phai sir dung cic nhém béo vé dét tién, quy trinh
téng hop rat phirc tap va tac nhan lién hop chi phi cao ma khong thé tai str dung ching
han nhu DCC. Mgt phuong phap khéc ding dé tdng hop metionylmetionin & quy md
cong nghi¢p dugc modé td trong DE 2261926. 3,6-bis[2-metylthio)etyl]-2,5-
piperazindion (metionindiketopiperazin, DKP) dugc tao thanh trong giai doan diu tién
bang cach gia nhiét este isopropyl cia metionin va sau d6 dugc thuy phan thanh
metionylmetionin. Trong trudng hgp nay, trong budc thiy phéan chi c6 thé dat duge
hiéu suét & mirc vira phai khoang 62-65%. Ngoai ra, vi¢c sir dung metionin isopropyl

este lam nguyén liéu doi héi chi phi cao va do d6 khoéng kinh té.
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Ban chit k§ thuat ciia sing ché

Muc dich chung ciia sang ché 1a d& xuit thirc &n cho ddng vat hodic chit phu
gia thirc an diing trong ngudn dinh dudng cip cho ddng vét trén co s& chit thay thé
metionin méi c6 thé st dung & dang don 1é hogic du6i dang hdn hop véi metionin, dac
biét 1a trong linh virc nudi trdng c4 va dong vat gidp xac & quy md cong nghiép. Péng
thoi, cAn phat trién dugc quy trinh tng hop chét thay thé metionin ndy mdt cach don

gian va hi€u qua ve chi phi.

Pé khic phuc cac nhugc diém néu trén, muc dich cu thé caa séng ché 1a tao ra
san phdm metionin dugc bao vé hoa hoc dé nudi cac loai c4 va dong vét gidp x4c in
tap, dn c6 va an thit khac nhau sc")ng trong nuéc min hodc nudc ngot. Pac bi€t, san
phdm ndy cin c6 dic tinh hoa tan thip (ngdm chiét) cta vién nhé thirc dn hodc vién
dun hoan toan trong nudc va co ché giai phong cham, tirc 13 giai phéng tir tir va lién
tuc metionin tr do trong diéu kién sinh ly. Ngoai ra, ciing du tinh ring san phim

metionin méi c6 thé sir dung tét hon & dang hdn hop v6i DL-metionin.

Mot dbi twong nira 13 tim ra dwgc chit thay thé metionin lam thtrc #n cho dong
vat hodc chét phu gia thirc an ¢6 gia tri sinh hoc rit cao va dugc du tinh 1a dé xir ly va
bao quan va c6 dd on dinh tt & diéu kién binh thudong ché bién thirc dn chira hop chét

nay, ddc biét 1a qua trinh tao vién nhé va qua trinh dun.

Bang cach nay c6 thé cung cap cho cad va dong vét gidp xac nguon metionin
hi¢u qua khéac nita, ngoai DL-metionin dang tinh thé, nguon nay néu c¢6 nhugc di€m thi
chi c6 nhugc diém & mirc 9 gidm di so véi céc san pham da biét hodc khong c6 nhugc

diém.

Ngoai ra, séng ché con d& xuit phuong phap tdng hop metionylmetionin (DL-
metionyl-DL-metionin) m&i linh hoat trong d6 céc tién chit va cc san phim phu
thong thudng trong qua trinh san xut DL-metionin cong nghiép c6 thé dugc sit dung
lam nguyén li¢u. Ngoai ra, con du dmh phat trién quy trinh thich hop dé phan tach cip
chit ddng phan khong dbi quang DD/LL- va DL/LD-metionylmetionin, sao cho ¢ thé
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st dung chi mdt cip chit dong phan khéng @i quang (DL/LL-I hoic DL/LD-I) mot

cach toi vu va hiéu qua cho cac ing dung cu thé.
M0 ta van tat cac hinh vé

Fig. 1 1 @b thj thé hién sy phan cét bing enzym céc hdn hop chit ddng phén
khong dbi quang metionylmetionin DD/LL-I, DL/LD-I va DD/LL/DL/LD-L

Fig. 2 12 d thi thé hién sy phan cit bang enzym bén chét ddng phan khong dbi
quang metionylmetionin DD-I, LL-I, DL-I va LD-I v6i mttc d6 phén cét khac nhau.

Fig. 3 1a d6 thi thé hién su giai phéng metionin (D- cing v6i L-Met) bing
enzym tir bén chit ddng phan khong d6i quang metionylmetionin DD-I, LL-I, DL-I va
LD-L.

Fig. 4 thé hién su chuyén héa sinh hoc D-metionin thanh L-metionin bing hén

hop enzym tlr ca chép Nhat.

Fig. 5 thé hién cac dic tinh ngam chiét ctia cac hdn hop chét ddng phan khong
d6i quang metionylmetionin DD/LL-I, DL/LD-I va LL/DD/LD/DL-I so v6i metionin,
MHA va MHA-Ca.

Fig. 6 thé hién sy phan cét in vitro ciia bdn chit ddng phan khong d6i quang
metionylmetionin khac nhau LL-I, LD-I, DL-I va DD-I bing enzym tiéu hoa cta c4
chép Nhat.

Fig. 7 thé hién sy phén cét in vitro cia hdn hop chit ddng phan khong dbi
quang metionylmetionin khac nhau LL/DD-I, DL/LD-I va LL/DD/LD/DL-I bing

enzym ti€u hoa cia ca chép Nhat.

Fig. 8 thé hién sy phan cit in vitro clia bon chét ddng phan khong dbi quang
metionylmetionin khac nhau LL-I, LD-I, DL-I va DD-I bang enzym tiéu hoa cia c4

hoi van.
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Fig. 9 thé hién su phén cit in vitro ctia c4c hdn hop chit ddng phan khong dbi
quang metionylmetionin LL/DD-I, DL/LD-I va LL/DD/LD/DL-I bing enzym tiéu hoa

cua ca hoi van.

Fig. 10 thé hién su phan cét in vitro ciia bdn chit ddng phan khong dbi quang
metionylmetionin khac nhau LL-I, LD-I, DL-I va DD-I bing enzym tiéu hoa ciia tom

thé chén tring.

Fig. 11 thé hién su phan cét in vitro ctia cdc hdn hop chét ddng phan khong
d6i quang metionylmetionin khac nhau LL/DD-I, DL/LD-I va LL/DD/LD/DL-I bing

enzym tiéu héa clia tdm thé chén tring.
M0 ta chi tiét sang ché

Pat dugc muc dich ndy cac tic gid sang ché st dung DL-metionyl-DL-
metionin va mudi ctia n6 1am chit phu gia thirc 4n trong hdn hop thirc an cho dong vét

thiy san nuoi.

Theo médt phuwong 4n dugce wu tién, hdn hop thirc &n nay chira DL-metionyl-
DL-metionin véi lugng tir 0,01 dén 5% theo khéi lwong, va t6t hon néu chua tir 0,05
dén 0,5% theo khéi lrong.

Vigc st dung DL-metionyl-DL-metionin td ra 1a dic biét ti€n lgi trong Gng
dung nay vi hop chit nay c6 dic tinh ngam chiét t6t do hdn hop DD/LL/DL/LD-
metionylmetionin va cip chit ddng phan khong d6i quang DL/LD-metionylmetionin

(0,4 g/l) c6 dd tan thép.

Hop chat nay con c6 @ dn dinh trong qua trinh tao vién nhd va qué trinh din
trong san xuét thirc &n. DL-metionyl-DL-metionin ciing ¢6 tinh 6n dinh trong hdn hop
véi céc thanh phﬁn va thitc n cho ddng vat thong thuong ching han nhu ngii cde (vi
du, ngd, lia mi, cdy cay triticale (12 cdy ngii cbc lai gitta lda my va laa mach den), laa
mach, cdy ké, ngoai ra 13 cic cdy khéc), cac ngudn protein thyuc vat hoic dong vat (vi
du, ddu nanh va hat cay cai dau va san phém ché bién cua chung, qua dau (vi du, dau

Ha lan, d4u, dau lupin, v.v.), d6 &n tir c4, ngoai ra 1a cic d6 an khac) va & dang Két hop
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v6i ngudn axit amin bd sung thiét yéu nhu protein, peptit, hydratcacbon, vitamin, chit

khoéng, chat béo va dau.

Con c¢6 mét uu di€ém nita 13, ti€t kiém dugc modt mol nude cho mdi mol
metionylmetionin so véi DL-metionin nh¢ ¢ ham lugng hoat chit metionylmetionin

cao cho mdi kg chit.

Trong mdt ung dung dugc wu tién, hdn hop thirc #n niy chira protein va
hydratcacbon, t6t hon néu 14 cac chit trén co s& dd an tir c4, dd #n tir d4u nanh hoic dd
an tlr ngd, va c6 thé dugc bd sung axit amin thiét yéu, protein, peptit, vitamin, chit

khoang, hydratcacbon, chét béo va dau.

Dugc uu tién dic biét 1a DL-metionyl-DL-metionin ¢ mit trong hdn hop thic
an chi du6i dang hdn hgp DD/LL/LD/DL, duéi dang hdn hop DL/LD hosc DD/LL, tbt
hon néu trong mdi trudng hop con dugc tron thém véi DL-metionin, t6t hon néu ham
lwgng DL-metionin 1a tir 0,01 dén 20% theo khéi lugng, dic biét t6t hon néu tir 1 dén
10% theo khéi luong.

Trong mdt ing dung dugc uvu tién dic biét, DL-metionyl-DL-metionin ¢6 mit

dudi dang cip chit ddng phan d6i anh DL/LD-metionylmetionin.

Trong mgt ung dung dugc uu tién, dong vat thily sdn nudi 1a ca va dong vat
gidp x4c nuéc ngot va nude min duge chon tir nhém gdm céa chép, ca hdi, ca hdi (nude
min), ca tré, ca rd, ca bon, c4 tAm, c ngir, ca chinh, c4 vén, ca tuyét, tom, loai nhuyén
thé mé cd voi in dugc va tdm he, t&t hon nita néu 13 c4 me tréng Hoa Nam
(Hypophthalmichthys molitrix), ¢ trim co (Ctenopharyngodon idella), c4 chép Nhat
(Cyprinus carpio) va c4 mé hoa (dristichthys nobilis), c4 giéc (Carassius carassius),
cé catla (Catla Catla), ca Rohu (Labeo rohita), c4 hdi Thai Binh Duong va c4 hdi Dai
Tay Duwong (Salmon salar va Oncorhynchus kisutch), ci hdi van (Oncorhynchus
mykiss), ca nheo My (Ictalurus punctatus), ca tré Phi (Clarias gariepinus), ca tra
(Pangasius bocourti va Pangasius hypothalamus), ca rd phi song Nin (Oreochromis

niloticus), ¢ ming sita (Chanos), c4 gid (Rachycentron canadum), tdm thé chan tring
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(Litopenaeus vannamei), tom sG (Penaeus monodon) va tdm cang xanh

(Macrobrachium rosenbergii).

Theo séng ché, DL-metionyl-DL-metionin (I) (metionylmetionin hodc viét tit
12 Met-Met) hodc mubi kim loai kidm va kim loai kiém thd cia né chrflng han nhu
mudi canxi hoic mubi k&m c6 do tan thip dugc st dung @& bd sung vao hdn hop thic
an dudi dang hdn hop chit ddng phan khong d6i quang DD/LL/DL/LD, DD/LL hoic
DL/LD, hodc & dang don 1€ hodc phéi tron v6i DL-metionin, t6t hon néu dung cho ca

va dong vat gidp xac:

)OJY\/
/\i NH2
s COH

@

C6 bdn chat ddng phén 1ap thé khac nhau (chét ddng phan khéng ddi quang)
cho dipeptit DL-metionyl-DL-metionin (I), 14 DD-, LL, DL- va LD-I, trong d6 chi c6
dang L-metionyl-L-metionin (LL-I) 13 c6 trong tu nhién, tit ca ba dipeptit khac
| L-metionyl-D-metionin (LD-I), D-metionyl-L-metionin (DL-I) va D-metionyl-D-
metionin (DD-I) khong c6 trong ty nhién (tham khao so db 1).
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S
HN ~ H

/\/L NH;
\S S

CO2H

iz
(7]
/

é

CO,H

(DD-) (LL-I)

H =
: NH NH
~ 2 ~ /\* 2

(DL-T) (LD-I)

1[1]]r=

So d6 1

Tiép theo, DD-I va LL-I ¢6 lién hé v&i nhau nhu 13 hinh 4nh va anh qua guong
cta nhau, tirc 13 cac chét nay la céc chét déng phéan dbi anh va do d6, c6 tinh chét vat

ly gibng nhau. V6i cip DL-I va LD-I cling giéng nhu viy.

Nguoc lai, hai cip DD/LL-I va DL/LD-I 13 cic chit ddng phan khong dbi
quang ctia nhau, tirc 13 chiing c6 sb lidu vat 1y khic nhau. Do vay, vi dy, cip chét dong
phan khong d6i quang DD/LL-I ¢6 db tan 1a 21,0 g/l trong nudc & nhiét d trong
phong, trong khi d6 d tan cta cip chit ddng phan khong dbi quang DL/LD-I la
0,4 g/l.

Ngoai viéc phat trién cac phuwong phap méi téng hgp metionylmetionin, sang
ché dé cap dén viéc str dung DL-metionyl-DL-metionin 1am thirc n cho dong vat dudi
dang hdn hop chét ddng phan khong déi quang DD/LL/DL/LD, DD/LL hodc DL/LD
nhu 14 chét ting trudng cho c4 va dong vat giap x4c 4n tap, n thit va an cd trong nghé
nudi tréng thily san. Do d6, ¢6 thé chung t6 phét hién sang tao ring DL-metionyl-DL-
metionin (I) c6 thé bj phan cét trong diéu kién sinh Iy bing enzym cla c4 va dong vat

giép x4c thanh D- va L-metionin tr do (so d6 2) (ngoai ra tham khéo vi du 22 dén 24).
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Véi muc dich ndy, cdc enzym ti€u héa tuong ting da dugc phan tach tir ca chép (loai
an tap), ca hoi (loai 4n thit) va tdm thé chén tring (loai #n tap) va dugc cho phén tmg
v6i DL-metionyl-DL-metionin trong thir nghiém ir vitro dugc tdi vu hoa trong didu
kién sinh ly twong dwong. Mot dic diém dic biét theo sang ché ciia qué trinh phan cét
DL-metionyl-DL-metionin (I) d6 1a ¢6 thé phan cit tit ca bdn chit ddng phan khong
d6i quang c6 thé co, ca ddng phan LL-I c6 trong tr nhién, va ba chit ddng phan khong
d6i quang khong c6 trong tyr nhién DD-, DL- va LD-I trong diéu kién sinh ly. Didu nay
cling ding v&i ca viéc sir dung hdn hop ddy du cua tit ca cac chit ddng phan khong
d6i quang (DD/LL/DL/LD-I), va trong mdi truong hop dén hai ciip chét ddng phan
khong d6i quang DD/LL-I va DL/LD-I (tham khao Fig. 1).

o]

o B HOJ\-./'\/S\

phan cit i
. NH,
HN bang enzym

/\/i 5 L-metionin
- 2 H0
S
COH NH,
DD/ LL/DL/LD- (I) ~ /\/L
— g COH

D-metionin

Chuyén
h6a amin

hH,
\S/\V/'\COZH'

L-metionin

So dd 2

Tuy nhién, sy phén cit ciia cac chit déng phan khong d6i quang don 18 cua
metionylmetionin xay ra véi tdc do khac nhau. Didu nay dugc thé hién qua trinh bay
trén so dd clia sy phan cit bing enzym cua timg chét ddng phan khong dbi quang cua
metionylmetionin bing enzym tiéu héa cia c4 va dong vat gidp xé4c trén Fig. 2. Tuy
nhién, sy phén cit cham co nghia la su giai phong D- va L-metionin cling bi chim lai
(tham khao Fig. 3). Didu nay c6 mot wu diém 16n 1a c6 thé khong c6 su hép thu dap
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tng nhanh cua D- hodc L-metionin ty do trong dai ti€u héa va do do6 cling khong co

dinh ndng d9 ciia metionin ti do trong huyét tvong.

Do d6, mot wu diém cia viée sir dung metionylmetionin 1am chét phu gia thuc
an va ngudn metionin d6 14 D- hodc L-metionin c6 thé dugc giai phong ra trong co thé
trong sudt thoi gian tiéu héa va do d6 xay ra ddng thdi voi qué trinh giai phong cac
axit amin khac tir ngudn protein tw nhién (co ché giai phéng cham) (fham khao Fig. 3).
Téc dong ddc bi€t ndy tao ra va dam bao sy c6 mit déng thoi cia tht ca cac axit amin
quan trong va thiét yéu véi ty 18 1y tudng trong huyét tuong, khi didu nay 1a rit cn

thiét cho sy phat trién t6i wu cua co thé.

Trong qué trinh phan cit DL-metionyl-DL-metionin dipeptit (I) bang enzym,
D-metionin khong c6 trong ty nhién cling dugc gidi phéng ra ngoai L-metionin c6
trong tw nhién (tham khéo so d6 2). Chét sau nay c6 thé dugc chuyén hoa amin bing
enzym & ca c4 va dong vt giap x4c nudc min va nudc ngot in thit, &n tap va an c6 dé
tao ra L-metionin c6 trong tw nhién. C6 thé chimg té diéu nay trong vi du cia c4 chép
& vi du25. Nho hén hop enzym gdm enzym tiéu héa va enzym gan tir ca chép dé
chuyén héa D- thanh L-metionin trong diéu kién sinh Iy twong tmg (tham khéo Fig. 4).
Do d6, bao dam duge ngudn cung t6i wu L-metionin tw nhién cho co thé khi st dung

DL-metionyl-DL-metionin (I).

Cac thtt nghiém tao vién nhé va dun ding cic hdn hop khic nhau cia
DL-metionyl-DL-metionin (I) va cic ngudn protein va hydrat cacbon ty nhién chéng
han nhu dd an tir c4, ngod va dau nanh, va tron vdi axit amin thiét yéu, protein, peptit,
vitamin, chit khoang, chét béo va dau, cho thiy 1a DL-metionyl-DL-metionin (I) 1 én
dinh tuyét d6i trong va sau qua trinh san xuét va khong c6 su giam chét luong hoic su

phan huy bat cir ndo xay ra (tham khao vi du 26).

Pé khao sat dic tinh ngdm chiét cia chit ddng phan khong dbi quang cia
metionylmetionin (I) tir vién nho thirc dn chira hgp chét trong nudc, do sy phu thude
ciia su hoa tan metionylmetionin theo thoi gian (tham khéao vi du 26). D& so sanh, cac
dic tinh ngdm chiét ciia DL-metionin, MHA va canxi-MHA (MHA-Ca) dugc khao sat
trong diéu kién nhu nhau. Diéu rit ra dugc thi nghiém nay 1a c4 hdn hop diy du cua tht
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ca cac chit ddng phan khong dbi quang (DD/LL/DL/LD-I) va c3p cac chit ddng phan
khéng ddi quang DD/LL-I va DL/LD-I thé hién 1o rang sy ngdm chiét it hon
DL-metionin, MHA va canxi-MHA (MHA-Ca) (tham khéo Fig. 5). Do d6 lugng it hon
nhiéu metionylmetionin dugc hoa tan ra khéi vién nho thic in theo thoi gian so v6i tat
ca din xudt metionin khac. Mirc ngdm chiét dic biét thip duoc thé hién & cip chét
ddng phan khong d6i quang DL/LD-I, nhidu nhit chi khoéng 5% cta chit nay duoc
hoa tan ra khdi vién nho thirc dn thdm chi sau thoi gian luu 200 phiat (tham khao Fig.
5).

Muc dich dat dugc tiép theo 14 quy trinh didu ché DL-metionyl-DL-metionin

(I) c6 cong thirc

S
HN ~

(D

trong d6 cac gbc R' va R? trong dAn xuét ure Ila, IIb, Ilc, I1d, Ile, IIf va IIg dugc xéc
dinh nhu sau:

trong do Ila: R' = COOH, R? = NHCONH,
IIb: R' = CONH,, R* = NHCONH,
Ilc: R' = CONH,, R’ = NH,
IId: R'-R?* = -CONHCONH-

Ile: R! =CN,R*=OH
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IIf: R' = CN, R> = NH,
IIg: R'==0,R*=H
aé tab ra DL-metionyl-DL-metionin (I).

Theo mot phuong 4n clia quy trinh theo sang ché dugc wu tién hon nita 13
metioninhydantoin (IId) dugc st dung 1am nguyén liéu hodc dugc tao ra nhu san phim
trung gian. Trong quy trinh ndy, DL-metionyl-DL-metionin dugc tdng hop truc tiép tir
metioninhydantoin va bao gdm cac phwong phép G, H, va J dugc thé hién trong So
d 3.

Phuong phap A
cho Ila va IIb

Phuong phap B 0O

cho Ilc
Phuong phap C HN\H)\/\S/
cho Ile va IIf

O
{III)
Phuong phap D
s R} cho IIg
5 ~ . Phuong phap E Phuong phéap F
R
(I1)
o
Phuong phap G s
cho Ia, ITb va IId HN ~
NH
> ~ /\i 2
S COH
Phuong phap H 2
cho Ilc, Ile va IIf DD/LL/DL/LD-(I)
Ellzg?lrlgg phép J Phuong phap K
DD/LL~I DL/LD-I
So db 3
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Vé phan ting nay, vu tién 1a dung dich chura metioninhydantoin va nuéc dugce
cho phén mg véi metionin trong diéu kién kiém. Puoc wu tién hon nita 1a d6 pH cua
dung dich chira din xudt ure dugc didu chinh dén tir 8 dén 14, t6t hon néu tir 10 dén
13.

Theo mot phuong 4n dugc wu tién, phan Ung nay xay ra & nhiét 4 nim trong
khoang tir 50 dén 200°C, tét hon néu & nhiét d6 nim trong khoang tir 80 dén 170°C va

dic biét tbt hon néu & nhiét do ndm trong khoang tir 130 dén 160°C.

Duogc uu tién hon nita 14 phan tmg dugc thuc hién & didu kién 4p suét, t6t hon
néu & ap suét tir 3 dén 20 bar (300 kPa dén 2000 kPa), dic biét tot hon néu & &p suét tir
6 dén 15 bar (600 kPa dén 1500 kPa).

Theo mét quy trinh dugce uu tién hon, dung dich chira metioninhydantoin va

nude di duge tao ra tir trude tir mot hodc nhiéu hop chét Ila, IIb, IIc, I1d, e, IIf va Ig.

Theo mot quy trinh dugc wu tién hon, metioninhydantoin dugc thu nhan bang
cach cho hgp chét c6 cong thirc Ile hodc IIf phan Gng véi bazo chira nito, NH;HCO;,
(NH,4),COs, hdn hop NH,OH/CO, hoic cic mudi carbamat.

Tét hon néu thyc hién phan tmg ctia hgp chét Ile & nhiét do ndm trong khoang
tr 0°C dén 150°C, t6t hon néu tir 0°C dén 100°C va dic biét tbt hon néu tir 10°C dén
70°C.

Theo mét quy trinh dugce ru tién hon, thu nhan metioninhydantoin bing cach
cho hop chit IIf phan tmg v6i CO,. Trong phén Ung nay, uvu ti€n 1a phan Gng nay xay
ra v6i su c6 mit cia bazo, tdt hon néu chon tir nhém gém KHCO;, K,CO3, amin bac

ba hodc mudi cla nd, bazo cua kim loai ki€ém va kim loai ki€ém tho.

Theo mdt quy trinh dugc wu tién hon, thu nhan metioninhydantoin bang cach
cho hop chit IIg phan tmg v6i ngudn ion xyanua va bazo chon tir nhém gbm céc bazo
chtra nito, cac mudi amoni véi su cb mit cia CO,, NH;HCO;, (NH),CO3, hdn hop

NH,OH/CO, va cac mubi carbamat. Trong truong hgp nay, phan Gng nay xay ra &
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nhiét d6 t&t hon 14 tir -20°C dén 150°C, t6t hon néu tir -10°C dén 100°C va dic biét tét
hon néu tir 0°C dén 70°C.

Mot phuong 4n khéc ctia quy trinh theo sang ché bao gdm cac budc sau day:

a) cho din xuét ure c6 cong thirc Ila, IIb, Ilc, IId, Ile, IIf va IIg phan ing dé

tao ra diketopiperazin c6 cong thirc

(III)

b) phan tmg cia diketopiperazin dé tao ra DL-metionyl-DL-metionin. Quy
trinh nay bao gdm cac phuong phép A, B, C va D dugc thé hién trong So db 3. Trong
quy trinh nay, diketopiperazin (IIT) dugc tao ra nhu 13 chét trung gian.

Vé khia canh nay dwgc wu tién 13 phan tmg cta din xuit ure dé tao ra
diketopiperazin dwgc thuc hién & nhiét 49 nim trong khoang tir 50°C dén 200°C, tbt
hon néu & nhiét d6 tir 100°C dén 180°C va diic biét tt hon néu tir 140°C dén 170°C.

Theo mdt quy trinh duge uu tién, phan tmg cia din xuét ure dé tao ra
diketopiperazin xay ra & diéu kién ap suét, tot hon néu & 4p sut tir 3 dén 20 bar (300
kPa dén 2000 kPa), dic biét tot hon néu & ap suét tir 6 d&n 15 bar (600 kPa dén 1500
kPa).

T6t hon, néu phén (g ciia din xuét ure dé tao ra diketopiperazin xay ra voi sy
c6 mit cta bazo. V& khia canh nay, t6t hon néu bazo ndy dugc chon tir nhom gém cac
bazo chira nito, NH4HCO3, (NH4)2CO3, K.I‘ICOg,, K2C03, h5n hO’p NH4OH/C02, mllél

carbamat, bazo cia kim loai ki€ém va kim loai ki€m tho.

Theo mot quy trinh duge wu tién hon, phan tng cia din xuit ure dé tao ra
diketopiperazin x4y ra bing cach cho phan tmg v6i metionin. V& khia canh nay, ty sb

ctia dan xuat ure so v6i metionin tir 1:100 dén 1:0,5 1a dugc wu tién.
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Theo mot quy trinh dugc vu tién hon, phan Gng cia diketopiperazin dé tao ra
DL-metionyl-DL-metionin xay ra bang cach thiiy phan bing axit. Trong truong hop
nady, thuy phéan b::ing axit duogc thuc hién véi su c¢6 mit cia axit tt hon néu dugc chon
tr nhom gém cac axit vo co, HCl, H,CO;, CO,/H,0, H,SO,, axit phosphoric, axit

carboxylic va axit hydroxy carboxylic.

Theo mot phuong 4n khéc cia quy trinh theo sing ché, phan tng cua
diketopiperazin dé tao ra DL-metionyl-DL-metionin xay ra béng cach thiy phén bing
kiém. Trong trudng hop nay, dé thu dwgc DL-metionyl-DL-metionin, t5t hon néu phén
ting thily phan bang kiém nay dwoc thuc hién & d6 pH tir 7 dén 14, dic biét t6t hon néu
& d6 pH tir 9 dén 12, dic biét tot hon nita néu & do pH tir 10 dén 11. Hon nita, c6 thé
didu chinh diéu kién kiém bﬁng cach sfr.dung mdt chit t&t hon néu dwge chon tir nhém
gdm cac bazo chira nito, NH,HCO;, (NH,),COs, hdén hgp NH,OH/CO,, cic mubdi

carbamat, KHCO3, K,COs, cacbonat, bazo ciia kim loai kim va kim loai kiém thd.

Tbt hon, néu qué trinh thiy phén bﬁng axit hodc kiém duogc thuc hién & nhiét
do tir 50°C dén 200°C, t6t hon néu tir 80°C dén 180°C va dic biét tdt hon néu tir 90°C
dén 160°C.

Theo mdt phuong 4n khéc, phan ung cua diketopiperazin dé tao ra
DL-metionyl-DL-metionin dugc thuc hién bz‘?lng cach dua CO, vao dung dich kiém, tbt

hon néu vao dung dich hydroxit amoni, kali hydroxit hodic natri hydroxit c6 tinh kiém.

Theo mét quy trinh dirqc uu tién, diketopiperazin dugc tach ra trude khi thiy
phan. V& khia canh nay, t6t hon néu diketopiperazin dugc tach ra khoi dung dich phan
ing ndy bing cach két tinh, t6t hon néu & nhiét d§ ndm trong khoang tir -30 dén

120°C, dic biét tdt hon néu & nhiét d6 ndm trong khoang tir 10 dén 70°C.

Pé phan tach hdn hop cac chit ddng phan khong i quang DD/LL/DL/LD-
metionylmetionin ra khéi dung dich phan tng kiém, dung dich ndy dugc axit hod va
thu nhan metionylmetionin bing cach két tinh hodic két tia. V& khia canh nay tét hon
néu do pH nam trong khoang tir 5 dén 9, dugc wu tién dic biét 1a dopHtu S dén 7, va

dugc vu tién rat dic biét 1a do pH vao khoang 5,6. V& khia canh nay, co thé sur dung
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axit, tbt hon néu duoc chon tir nhém gf‘)m cac axit vo co, HCIl, H,CO;, CO,/H,0,

H,S0,, axit phosphoric, axit carboxylic va axit hydroxy carboxylic dé axit hoa.

Pé phén tach hdn hop cac chit ddng phan khong dbi quang DD/LL/DL/LD-
metionylmetionin ra khéi dung dich phan tng c6 tinh axit, cho thém bazo dé trung
hoa, va thu nhan metionylmetionin b'?mg cach két tinh hodc két tua. V& khia canh nay,
t6t hon néu do pH tir 5 to 9, dugc wu tién dic biét 1a do pH tir 5 dén 7, va dugc wu tién
rat dic biét 1a d6 pH vao khoang 5,6. Trong truong hop nay, t6t hon néu cic bazo
dugc st dung dé trung hoa dugc chon tir nhém gém NH,HCO;, (NH,),COs, bazo chira
nito, NH,OH, mudi carbamat, KHCO3, K,CO3, cacbonat, bazo cua kim loai kiém va

kim loai kiém thd.

Sang ché con d& xuit quy trinh tach chiét hdn hop cac chit ddng phan khong
d6i quang DD/LL/DL/LD-metionylmetionin bing céch két tinh phan doan, do d6 thu
dwgc hai cip chit ddng phan d6i anh DD/LL-metionylmetionin va DL/LD-

metionylmetionin.

Theo mdt phuong 4n dugc wu tién cia quy trinh két tinh phan doan bing axit

héa, quy trinh 1a nhu sau:

a) axit h6a huyén phi chira DD/LL/DL/LD-metionylmetionin cho dén khi thu
duge dung dich trong, va bd sung timg budc bazo vao dung dich cé tinh axit nay cho

dén khi chit két tua tach ra, tao ra DL/LD-metionylmetionin dudi dang chit két tua,
b) thu nhén DD/LL-metionylmetionin tir nudc céi thu duge & budc a).

V& khia canh nady, dugce uu ti€n déc bi€t 1a qua trinh axit héa & budc a) xay ra
bing cach ding axit va thiét 1ap d6 pH tir 0,1 dén 1,0, t6t hon néu & d6 pH vao khoang
0,6,, va sau d6 diéu chinh dung dich trong thu dugc bé’mg bazo dén do pH tir 5 dén 6,
t6t hon néu dén d6 pH vao khoang 5,6. V& khia canh nay c6 thé st dung cac axit vo
co, tot hon néu 14 axit phosphoric, axit sulfuric, axit clohydric hodc axit cacbonic, hodc
cacbon dioxit, va/hodc céc axit carboxylic, dac bi€t 1a cac axit carboxylic C,-C,, axit

formic, axit axetic, axit propionic, axit butyric hodc axit isobutyric lam axit. Axit
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cacbonic hodc cacbon dioxit dugc dic bi€t wu tién sir dung. Trong trudng hop nay co6
thé dua axit cacbonic hogc cacbon dioxit vao hdn hop phan tng & didu kién ap sut khi

quyén ap suat hodc & 4p suat cao hon ap suat khi quyén.

Diéu kién kiém dugc didu chinh & budc a) tbt hon néu bing cach st dung bazo
chon tir nhém gém NH,HCO;, (NH,),CO;, cic bazo chira nito, NH,OH, cic mudi
carbamat, KHCO;, K,COs, cacbonat, cic bazo kim loai kim va cac bazo kim loai

kiém thd.

Theo mét phuong 4n dugc uu tién hon nita ctia quy trinh két tinh phan doan

bang phurong phéap kiém héa, quy trinh 13 nhu sau:

a) kiém hoéa huyén phdi chra DD/LL/DL/LD-metionylmetionin cho dén khi
thu duge dung dich trong, va bd sung timg budc axit nay vao dung dich kidm cho dén

khi chét két tha tach ra va tao ra DL/LD-metionylmetionin dudi dang chét két tia.
b) sau d6 thu dugc DD/LL-metionylmetionin tir nudce cai thu duge & budc a).

V& khia canh ndy, dugc uu ti€n dic biét 14 qua trinh kiém héa & bude a) dién
ra nhd bazo va didu chinh d6 pH tir 7,5 dén 14, t6t hon néu dén d6 pH vao khoang 9
dén 13, va sau d6 diéu chinh dung dich trong thu dugc bing axit dén do pH tir 5 dén 6,
t6t hon néu dén pH vao khoang 5,6. T6t hon néu cac bazo dugc sir dung trong trudng
hop nay 1a cac bazo duge chon tir nhém NHHCO;, (NH;),CO3, cic bazo chira nito,
NH,OH, cac mudi carbamat, KHCO;, K,CO;, cacbonat, bazo clia kim loai kiém va

kim loai kiém thé.

Tt hon néu diéu kién axit & budc a) dugc didu chinh bing céach sir dung axit
dugc chon tir nhém gdm cac axit vo co, tdt hon néu 13 axit phosphoric, axit sulfuric,
axit clohydric, hodc axit cacbonic hodc cacbon dioxit, va/hodc tir nhom cac axit
carboxylic, ddc bi¢t 1a cac axit carboxylic C;-C4, axit formic, axit axetic, axit
propionic, axit butyric va axit isobutyric. Axit cacbonic hodc cacbon dioxit dugc wu

tién dic biét dé sur dung.
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Theo mot phurong 4n dwgc wu tién cta quy trinh két tinh phan doan, quy trinh
nay x4y ra & nhiét 4o ndm trong khoang tir 0°C dén 100°C, t6t hon néu tir 5°C dén

60°C va dic biét tdt hon néu tir 10°C dén 40°C.

Ngodi ra, DD/LL-metionylmetionin thu dugc cé thé dugc raxemic hoéa va
dugc cho tham gia vao quy trinh tach nhu d néu trén, do d6 tach dugc hai cip chit
ddng phan d6i anh DD/LL-metionylmetionin va DL/LD-metionylmetionin ra khoi

nhau.

Tét hon néu, tit ca cac quy trinh theo sang ché da duoc dé cap dugc thyc hién

trong mdi trudong nude.

Ngoai ra, cac quy trinh theo sang ché c6 thé dugc thuc hién theo quy trinh

gian doan da biét ddi voi chuyén gia trong linh vure hodc theo quy trinh lién tuc.
Vi du thyec hién sang ché

A) Tong quan cia cac bude riéng 1é va cac phuong phép ciia quy trinh theo

sang che

Quy trinh theo sang ché ding dé diéu ché DL-metionyl-DL-metionin (I) va
viéc tach thanh ciip chit ddng phan khong dbi quang DD/LL-I va DL/LD-I dugc md ta

chi tiét sau day.

Quy trinh theo sang ché dé diéu ché DL-metionyl-DL-metionin (I) bit diu tir
hop chét c6 cong thirc chung II ‘

S R
e
\/\R(2
)
trong d6 Ila: R' = COOH, R* = NHCONH,

IIb: R! = CONH,, R?> = NHCONH,

Ilc: R = CONH,, R* = NH,
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IId: R'-R? = -CONHCONH-
Ile: R! = CN, R* = OH

IIf: R' = CN, R* = NH,

IIg: R'==0,R*=H.

Hop chét nay dwoc chuyén héa bing céc phuong phap tdng hop khac nhau (A,
B, C, D, E, F, G, H va ]) thanh DL-metionyl-DL-metionin (I) (tham khao so dd 3).
Trong céc phuong phap A, B, C, va D trong d6, diketopiperazin (III) twong ng duoc
tao ra dudi dang chét trung gian. Trong céc phuong phap tong hop G, H va J, metionin
hydantoin dugc tao ra tao ra dudi dang chét trung gian va dugc chuyén hoéa tryc tiép
thanh DL-metionyl-DL-metionin (I). Sau d6, bing cach két tinh phin doan theo
phuong phap K c6 thé tach riéng hai ciip chit ddng phan khéng dbi quang DD/LL-I va
DL/LD-I (tham khao so d 3).
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Phuong phap A
cho Ila va ITb

Phuong phép B o

cho Ilc S
, e \V/A\E/H\NH

o HN s
Phuong phap C S
cho Ile va IIf

O
Phuong phap D (III)
cho Ilg
1 Phuong phép F
Phuong phap E S PP
R
O
Phuong phap G S
cho I1a, TIb va Ild HN ~
- NH
> 2
s COH
Phuong phap H
cho Ilc, Ile va IIf DD/LL/DL/LD-(I)
Phuong phap J Phuong phap K
cho IIg

DD/LL-I DL/LD-I

So db 3
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B) Céc vi du tng hop:
Vidu 1:

Téng hop 3,6-bis[2-(metylthio)etyl]-2,5-piperazindion (III)
(metionindiketopiperazin, DKP) tir N-carbamoylmetionin (IIa) theo phuong phap A

Hoa tan 17,5 g (90,0 mmol, d9 tinh khiét: 99%) N-carbamoylmetionin (IIa)
trong 150 ml nuéc va khudy trong ndi hip ty dong Roth dung tich 200 ml bing may
khudy tir & nhiét d6 160°C trong thdi gian 6 gid. Ap suét trong qua trinh nay. Thinh
thoang, lai xa khi mot 14n cho dén khi dat dugc 4p suét 1a 7 bar (700 kPa). Sau khi
hoan thanh phan tmg nay, 1am ngudi ndi hép tu dong trong bé nudc d4. Sau d6 loc
huyén phii thu dugc, va rira vai 14n chét rén loc dugc bang nudc va lam kho trong 10
siy & nhiét do 50°C trong chan khong. Hiéu suét tach 1a 8,1 g (30,9 mmol) (69%)
bis[2-(metylthio)etyl]-2,5-piperazindion (III), tinh thé mau tring hoi vang, dd tinh
khiét > 98% (HPLC), nhiét d6 néng chay 234-236°C.

'H-NMR 3,6-bis[2-(metylthio)etyl]-2,5-piperazindion (III) (500 MHz, D¢-
DMSO): & = 1,85-2,05 (m, 4H, 2 x SCH,CH,); 2,049 (s, 6H, 2 x SCHj); 2,46-2,60 (m,
4H, 2 x SCH,); 3,92-3,99 (m, 2H, 2 x CH); 8,213 (s, 2H, 2 x NH)

BC-NMR ciia 3,6-bis[2-(metylthio)etyl]-2,5-piperazindion (III) (125,8 MHz,
Dg-DMSO): & = 14,35 (CHs); 14,38 (CHs); 28,50 (CH,S); 28,68 (CH,S); 31,92
(CH,CH,S); 32,33 (CH,CH,S); 52,92 (CH); 52,96 (CH); 167,69 (C=0); 167,71
(C=0)

Phan tich nguyén td cho CyH;sN,0,S, M =262,39 g/mol):
Theo tinh toan: C45,77; H6,91; N 10,68; S 24,44

Theo thyc nghiém: C 45,94, H6,96; N 10,64; S 24,38
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Vidu2:

Tbng hop 3,6-bis[2-(metylthio)etyl]-2,5-piperazindion (III)
(metionindiketopiperazin, DKP) tir 2-[(aminocarbonyl)amino]-4-

(metylthio)butanoamit (N-carbamoylmetioninamit) (IIb) theo phuong phap A

Hoa tan 17,4 g (90,0 mmol, d¢ tinh khiét: 98,5%) 2-[(aminocarbonyl)amino]-
4-(metylthio)butanoamit (IIb) trong 150 ml nuédc va khudy trong ndi hip tu dong Roth
dung tich 200 ml bing may khudy tir & nhiét ¢ 160°C trong thoi gian 7 gid. Ap suit
ting 1én trong qua trinh ndy. Thinh thoang, lai xa khi mdt 1an cho dén khi dat dén 4ap
suét 12 7 bar (700 kPa). Sau khi hoan thanh phan tmg nay, 1am ngudi ndi hip tw dong
trong bé nudc da. Sau dé, loc huyén phu thu dugc, va rira vai 14n chit rén loc dugc
bang nudc va lam khd trong 16 sdy & nhiét do 50°C trong chan khong. Hiéu suét tach
12 9,2 g (35,1 mmol) (78%) bis[2-(metylthio)etyl]-2,5-piperazindion (III), tinh thé mau
tréng hoi vang, do tinh khiét > 98% (HPLC).

Céc sb lidu v& nhiét 4o nong chay va NMR phi hop véi cac két qua cia vi
dul.

Vidu 3:

Tbng hop 3,6-bis[2-(metylthio)etyl]-2,5-piperazindion (III)
(metionindiketopiperazin, DKP) tir 5-[2-(metylthio)etyl]-2,4-imidazolidindion (IId)
(metioninhydantoin) theo phuong phap A va sau d6 tai sir dung nudc céi (phan g
béc)

M¢é dau tién:

Cho huyén phu chira 13,4 g (0,09 mol) metionin, 17,2 g (0,09 mol, 4o tinh
khiét: 91%) metioninhydantoin (IId) va 150 g nuéc vao ndi hip tu dong Roth dung
tich 200 ml bing may khudy tir va khudy & nhiét d6 160°C trong thoi gian 6 gid, trong
thoi gian d6 &p suét ting 1én dén 15 bar (1500 kPa). Thinh thoang, ndi hdp ty dong
duoc xa ap cho dén khi 4p suét gitr & mirc khong ddi 10 bar (1000 kPa). Sau d6 1am
lanh ndi hép tu dong trong bé nude da, va loc huyén phu thu dugc va rira chét rin nay

-26-



21007

bang 75 ml nuéc. Cudi cling, 1am khd chét rén nay trong 16 sdy chan khéng & nhiét do
50°C qua dém. Phan tach dugc bis[2-(metylthio)etyl]-2,5-piperazindion (III) dudi

dang tinh thé mau tring hoi vang.
Céc mé tiép theo:

Nuédc rira va nude céi tr mé trude duge tron lai va c6 dic con 90 ml trong
thiét bj 1am bay hoi kiéu quay & nhiét d6 50°C. 17,2 g (0,09 mol, d6 tinh khiét: 91%)
metioninhydantoin (IId) dwgc két hop véi nude cai co dic va duge pha véi nude dén
150 g dung dich. Pua dung dich thu dugc vao ndi hip tu dong Roth dung tich 200 ml
¢6 may khudy tir va khudy & nhiét 4o 160°C trong thoi gian 6 gid, trong thoi gian d6
&p sudt ting 1én dén 15 bar (1500 kPa). Thinh thoang, ndi hip tu dong dugc xa nén cho
dén khi 4p suét giir & mirc khong dbi 12 10 bar (1000 kPa). Budc hoan thién tiép theo

dugc tién hanh tvong ty voi mé dau tién.
Vi du 4:

Tbng hop 3,6-bis[2-(metylthio)etyl]-2,5-piperazindion (III)
(metionindiketopiperazin, DKP) tir 2-amino-4-(metylthio)butanoamit (metioninamit)

(IIc) theo phuong phap B

Hoa tan 16,6 g (0,09 mol) 2-amino-4-(metylthio)butanoamit hydroclorua (Ilc)
va 8,7 g (0,09 mol) (NH,),COs trong 150 g nudc va khudy trong ndi hip tu dong Roth
dung tich 200 ml bang cach khudy tir & nhiét d6 160°C trong thdi gian 6 gid. Sau d6
ndi hdp ty dong dugc lam lanh trong bé nuée da. Tiép theo, loc huyén phu thu duoc,
va rira vai 1in chét rin loc dugc voi nude va lam kho trong 10 sdy & nhiét do 50°C
trong chan khong. Hiéu sut tach 1a 6,5 g (24,8 mmol) (55%) bis[2-(metylthio)etyl]-
2,5-piperazindion (III), tinh thé mau tring hoi vang, d9 tinh khiét > 98% (HPLC).

Céc s6 lidu vé nhiét d6 néng chay va NMR phu hop véi cac két qua tir vi du 1.

Vidu5:
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Tbng hop 3,6-bis[2-(metylthio)etyl]-2,5-piperazindion (III)
(metionindiketopiperazin, DKP) tir 2-hydroxy-4-(metylthio)butannitril (3-(metyl-
mercapto)propionaldehyt xyanohydrin, MMP-CH) (Ile) theo phwong phap C

B& sung tir tir timg giot dung dich 30,5 g (0,232 mol) 2-hydroxy-4-(metyl-
thio)butannitril (Ile) va 360 g nudc & nhiét d6 trong phong vao huyén phil chira 22,4 g
(0,283 mol = 1,22 dwong lwong) NH,HCO; trong 20 g nudc va khudy trong thoi gian
2 h. NH;HCO; dugce hoa tan trong thoi gian ndy. Sau d6 khudy dung dich thu dugc &
nhiét d6 50°C trong thoi gian 7 h va tiép theo & nhiét do trong phong qua dém. Sau d6
chuyén hén hop phan tng nay vao ndi hdp ty dong bing thép dung tich 500 ml, gia
nhiét dén nhiét d6 160°C, va khudy & nhiét do nay trong thoi gian 6 gio. Sau d6 ndi
hép ty dong dugc 1am lanh trong bé nudce da, loc huyén phu thu duge, va rira chét rin
bing 50 ml nudc. Cubi cing, 1am kho chit rin mau xam trong 10 siy chan khong &
nhiét dd 50°C qua dém. Hiéu suédt tach 1a 17,8 g (67,8 mmol) (58%) bis[2-
(metylthio)etyl]-2,5-piperazindion (III), tinh thé mau tring hoi vang, do tinh khiét >
98% (HPLC).

Céc s liéu v& nhiét d6 nong chay va NMR phi hop véi cac két qua tir vi du 1.
Vidu6:

Tbng hop 3,6-bis[2-(metylthio)etyl]-2,5-piperazindion (III)
(metionindiketopiperazin, DKP) tir 2-amino-4-(metylthio)butannitril (metioninnitril)

(ITf) theo phuong phéap C

Chuyén dong trung binh CO, vao dung dich chira 26,2 g (0,201 mol) 2-amino-
4-(metylthio)butannitril (IIf) trong 330 g nudc trong thoi gian 3 gid, trong thoi gian do6
nhiét do ting 1én dén 45°C va @6 pH dugc gitt & muc 8. Sau d6 khudy tiép tuc & nhiét
d6 trong phong qua dém. Sang hdm sau, chuyén hdn hop phan tng nay vao ndi hép tu
dong bang thép dung tich 500 ml, dugc gia nhiét dén 160°C va khudy & nhiét do nay
trong thoi gian 6 gid. Sau do6 ndi hép ty dong dugc lam lanh trong bé nuéc da, loc
huyén phii thu duge, va rira chit rin nay bang 50 ml nuéc va lam kho trong 16 sy

chan khong & nhiét d6 50°C qua dém. Hiéu suét tich 1a 15,7 g (59,7 mmol) (59%)
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bis[2-(metylthio)etyl]-2,5-piperazindion (III), tinh thé mau tring hoi vang, do tinh
khiét > 98% (HPLC).

Céc sd liéu vé nhiét d9 néng chay va NMR phii hop véi cac két qua tir vi du 1.
Vidu7:

Tbng hop 3,6-bis[2-(metylthio)etyl]-2,5-piperazindion (III)
(metionindiketopiperazin, DKP) tir 3-(metylthio)propanaldehyt
(3-(metylmercapto)propionaldehyt, MMP) (Ilg) theo phuong phap D

Pua 66,0 g (0,68 mol) (NH,4),CO3 vao 100 g nuéc va lam lanh xuéng nhiét do
5°C trong bé nudc d4. Sau d6, cho timg giot axit hydroxyanic 16,6 g (0,61 mol) vira
mdi duge cit vao trong thdi gian 25 phut, trong thoi gian d6 nhiét do cia huyén phu
duoc giit trong khoang tir 5 dén 10°C. B6 sung 860 g nudc, sau d6 thém timg giot
60,3 g (0,58 mol) 3-(metylthio)propionaldehyt (IIg) & nhi¢t d 10°C trong thoi gian
80 phut. D6 pH dugc giit & mirc khéng dbi nim trong khoang tir 8,5 dén 9 trong thoi
gian ndy. Sau d6, gia nhiét hdn hop phan tmg nay dén nhiét d9 50°C va khudy & nhiét
d6 nay trong thoi gian 7 gid. Sau khi hoan thanh phan tmg ndy, lam ngudi hdn hop
phan tng nay xudng nhiét d6 5°C trong bé nudc d4 va duge giit trong may lanh qua
dém. Sang hom sau, chuyén hdn hop nay vao ndi hip tw dong bing thép dung tich 2 I,
gia nhiét dén nhiét 46 160°C va khudy & nhiét do nay trong thoi gian 6 gid. Sau do,
lam lanh ndi hip tr dong trong bé nuéc da, loc huyén phi thu dwoc va rira bing
150 ml nu6c, va lam kho chét rén nay trong 10 sdy chan khong & nhiét d6 50°C qua
dém. Hiéu suit tach 13 48,6 g (1852 mmol) (64%) bis[2-(metylthio)etyl]-2,5-
piperazindion (III), tinh thé mau trfing hoi vang, 9 tinh khiét > 98% (HPLC).

Céc sb lidu vé nhiét d6 néng chay va NMR phu hop véi cac két qua tir vi du 1.
Vidu 8:

Téng hgp DD/LL/DL/LD-metionylmetionin (I) tir 3,6-bis[2-(metylthio)etyl]-
2,5-piperazindion (IIT) (metionindiketopiperazin, DKP) bang axit clohydric dic theo
phuong phép E
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Tao huyén phu 6559 g (2,50 mol) of 3,6-bis[2-(metylthio)etyl]-2,5-
piperazindion (IIT) (DKP) trong 1661 g nudc. Trong khi khudy, cho rét tir tir 271,0 g
axit clohydric dac timg giot vao va sau d6 gia nhiét cén than, voi khudy tron rat manh,
dén hdi luu. Quaé trinh tao bot manh c6 thé xay ra trong thoi gian nay. H3n hop phan
g ndy duoc gia nhiét dén hdi lvu trong thoi gian 5,5 gid, do d6 hoa tan tit ca chit
rin ndy. Trong qua trinh 1am lanh sau d6, DKP (III) khong phan tng két ta va dugc
loc di. DKP nay c6 thé sir dung tiép trong budc thily phan tiép trong cac phan ung sau.
Sau d6 didu chinh dich loc dén do pH 6 trong cbc bése thuy tinh trong bé nudc d4 bing
nudc amoniac ndng dd 32%. DD/LL/DL/LD-metionylmetionin (I) dugc tach ra dudi
dang khéi tinh thé day, va hén hop 50:50 cuia hai cip chit ddng phan khong dbi quang
(DL/LD-Met-Met) (DL/DL-I) va (DD/LL-Met-Met) (DD/LL-I) trong thdi gian nay.
Cubi ciing 1am kho trong 10 sdy & nhiét d6 60°C trong chén khong. Hiéu suét: 601,0 g
(2,14 mol) (85,7%) DD/LL/DL/LD-metionylmetionin (I), ch4t rdn mau vang nhat, 4o
tinh khiét 98% (HPLC).

'H-NMR cia DD/LL/DL/LD-metionylmetionin (I) (500 MHz, De-
DMSO+HCI): & = 1,86-2,16 (m, 4H, 2 x SCH,CH,); 2,050 (s, 3H, SCH3); 2,060 (s,
3H, SCH3); 2,44-2,64 (m, 4H, 2 x SCH,); 2,90-4,00 (m, 1H, CH); 4,32-4,42 (m, 1H,
CH); 8,45 (bs, 3H, NH;"); 8,98-9,08 (m, 1H, 2 x NH)

BC.NMR cta DD/LL/DL/LD-metionylmetionin (I) (125,8 MHz, D-
DMSO-+HCI): & = 14,33 (CHs); 14,38 (CHs); 27,74; 27,94; 29,51; 30,04; 30,13; 30,89;
30,95; 51,00; 51,29; 51,54 (CH, CH,); 168,05 (CONH); 168,19 (CONH); 172,55
(COOH); 172,62 (COOH)

Phén tich nguyén t§ cho C¢HN,03S, (M = 280,41 g/mol):
Theo tinh todn: ~ C 42,83; H 7,19; N 9,99; S 22,87
Theo thuc nghiém: C42,61; H7,19; N 10,06; S 22,72

Vidu9:
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Téng hop cong nghiép DD/LL/DL/LD-metionylmetionin (I) tir 3,6-bis[2-
(metylthio)etyl]-2,5-piperazindion (III) (metionindiketopiperazin, DKP) bing axit
clohydric dic theo phuong phép E

Cho 500 I nuée vao thing trang men dung tich 500 1 ¢6 trang bi may khudy,
cho 321 axit clohydric ddc va 78,6 kg of 3,6-bis[2-(metylthio)etyl]-2,5-piperazindion
(III) (DKP) vio, va thiét bj nay dugc dong chit. Sau dé, gia nhiét & nhiét do 110°C
ddng thoi khudy trong thoi gian 2 gid, trong thoi gian d6 4p sudt ting 1én dén 2,5 bar
(250 kPa) va DKP (III) that ra dugc hoa tan hoan toan. Sau khi phan Ung nay hoan
toan, 1am ngudi hdn hop nay xudng nhiét d¢6 20°C, va DKP khong phan ung duge
quay ra ngoai trong ly tim. Rira chét rin ndy bang 10 1 nudc. Sau d6, gom dich loc va
dich rtra trong thiing chira 800 1 va sau d6 dua vao thing c6 dung tich 500 1 & khudy
tiép. Sau khi bd sung 2 kg than hoat tinh, tién hanh khudy & nhiét d6 20°C trong thoi
gian 30 phut. Sau d6 loc huyén phit qua may loc ép vao thiing 500 1 khéc c6 trang bi
méay khudy. Tiép theo cho khoang 281 dung dich amoniac dic vao dé két tia
DD/LL/DL/LD-metionylmetionin (I) & 4 pH 6. Trong thdi gian nay, qua trinh két tia
dugc wu tién ban dau 1a cip chit ddng phan khong dbi quang raxemic kém tan hon
DL/LD-metionylmetionin (DL/LD-I). Chit nay dugc quay ra va nuéc cai c¢b dic cing
v6i nude rira con mot phin tu thé tich ban dau trong diéu kién chan khong bom hoi &
nhiét d6 bén trong khéng vuot qua 40°C. Trong thoi gian ndy, cip chit dong phan
khong d6i quang raxemic tan nhiéu hon DD/LL-metionylmetionin (DD/LL-I) dugc két
tinh ciing véi lwong nhé DL/LD-I hoi tan. Sau khi hoan thanh qua trinh chung cét 1am
ngudi xudng 20°C va ly tdm. Nudc cai va nude rira tach riéng duge bod di. Ca hai phin
. dugc 1am kho trong chén khdng & nhiét ¢ 70°C. Téng cdng, co thé thu dugc 64,2 kg
(78%) DD/LL/DL/LD-metionylmetionin (I) dudi dang hdn hop cia céc chét dong
phan khong dbi quang. D6 tinh khiét > 98% (HPLC).

Céc s6 liéu vé nhiét 46 néng chay va NMR phit hop véi cac két qua tir vi du 8.
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Vidu 10:

Téng hgp DD/LL/DL/LD-metionylmetionin (I) tir 3,6-bis[2-(metylthio)etyl]-
2,5-piperazindion (IIT) (metionindiketopiperazin, DKP) trong diéu kién kiém, vi du

bang amoniac theo phwong phap F

Gia nhi€t 65,6 g (0,25 mol) 3,6-bis[2-(metylthio)etyl]-2,5-piperazindion (III)
(DKP), 70 ml dung dich amoniac néng d6 25% va 500 ml nudc & nhiét 9 150°C trong
ndi hip ty dong trong thoi gian 2 gio. Sau khi 1am ngudi, DKP (III) (16,0 g = 24,4%)
chua phan tng dugc loc di bing cach hut. Chét nay c6 thé duoc sir dung tiép trong mé
tiép theo. C6 dic dich loc trong thiét bi lam bay hoi kiéu quay & nhiét d6 nuéc 1a 80-
90°C cho dén khi céc tinh thé du tién dugc tich riéng ra. Sau khi 1am ngudi va dé yén
qua dém, c6 thé phan tach sau budc loc va 1am khé thu duge tdng s6 49,3 g (70,3%)
DD/LL/DL/LD-metionylmetionin (I) du6i dang hdn hop 50:50 cta hai cip chit dong
phan khéng d6i quang DL/DL-I va DD/LL-I duéi dang chit rin mau tring. D6 tinh
khiét 98% (HPLC).

Céc s6 liéu vé nhiét d6 nong chay va NMR phit hop véi cac két qua tir vi du 8.
Vidull:
Tinh ché DD/LL/DL/LD-metionylmetionin (I)

Tao huyén phi 500 g DD/LL/DL/LD-metionylmetionin (I) trong 7800 g nuéc
khtr ion (pH 5,3). Piéu chinh d6 pH & nhiét do 26°C dén 1,0 bing 346,6 g axit sulfuric
50% khéi lwgng. Metionylmetionin dugc hoa tan hoan toan. P& lam trong, cho 18 g
than hoat tinh vao dung dich duc hoi vang va khudy trong thoi gian 60 phut. Than hoat
tinh duoc loc di, va didu chinh dung dich khéng mau trong nay dén do pH 5,6 bing
228 g dung dich amoniac 32% khéi lrong. Dung dich nay duoc dé yén qua dém. Chat
ran két tia mau tréng duoc loc di b%lng cach hat va lam kho trong 10 séy & nhiét do
50°C trong chan khéng. Hiéu suit: 460,5 g (92%) DD/LL/DL/LD-metionylmetionin
(I), chét rin mau tring sang, d¢ tinh khiét > 99% (HPLC).

S6 lieu NMR nay phi hop véi cac két qua tir vi du 8.
-32-



21007

Vidu 12:

Téng hop DD/LL/DL/LD-metionylmetionin (I) tir N-carbamoylmetionin (IIa)
va DL-metionin bang KOH theo phuong phap G

Hoa tan 13,4 g (0,09 mol) DL-metionin, 17,5 g (0,09 mol, do tinh khiét: 99%)
N-carbamoylmetionin (IIa) va 11,9 g (0,18 mol) KOH tinh khiét 85% trong 150 ml
nuée va khudy ¢ nhiét d6 150°C trong ndi hip tw dong Roth dung tich 200 ml bing
méy khudy tir trong thoi gian 5 gid, trong thoi gian d6 &p suét ting 1én dén 6 bar (600
kPa). Sau khi phan ung hoan toan, 1am ngudi ndi hip tw dong, va 3,6-bis[2-
(metylthio)etyl]-2,5-piperazindion (III) (metionindiketopiperazin, DKP) két tiia duoc
loc di va rira b%lng mdt chit nude. Nudce rira va nude cai duge két hop lai va co dic
xudng thé tich 130 ml trong thiét bi 1am bay hoi kiéu quay & nhiét d6 40°C. Chuyén
dong CO, trung binh qua dung dich thu dugc cho dén khi dat dwoc d6 pH bang 6,4 va
chét rin mau tréng két tha. Chét nay dugc loc di, rira b%mg mot chat nudce lanh va lam
kho trong 10 sdy chan khong & nhiét 6 50°C qua dém. Hiéu suét tach 13 11,4 g
(40,6 mmol) (45%) DD/LL/DL/LD-metionylmetionin (I), chit rin mau tring, d6 tinh
khiét > 98% (HPLC). |

S6 liéu NMR nay phit hop véi cac két qua tir vi du 8.
Vidu 13:

Téng hop DD/LL/DL/LD-metionylmetionin (I) tir 5-[2-(metylthio)etyl]-2,4-
imidazolidindion (IId) (metioninhydantoin) va DL-metionin bing KOH theo phuong
phép G

Hoa tan 13,4 g (0,09 mol) DL-metionin, 17,2 g (0,09 mol, d9 tinh khiét: 91%)
metioninhydantoin (IId) va 8,9 g (0,135 mol) KOH tinh khiét 85% trong 150 ml nudc
vi khudy & nhiét d 150°C trong ndi hip t dong Roth dung tich 200 ml bing may
khudy tir trong thoi gian 5 gid, trong thoi gian d6 ap sut ting 1én dén 8 bar (800 kPa).
Sau khi phan tng ndy x4y ra hoan toan, 1am ngudi ndi hip tr dong, loc huyén phu thu

dugc va rira 3,6-bis[2-(metylthio)etyl]-2,5-piperazindion (III)
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(metionindiketopiperazin, DKP) két tia mot vai 1in bang mot chit nude. Nudc cai va
nuéc rira dugc két hop lai, va c6 déc dung dich thu dugc dén thé tich 125 ml trong
thiét bi lam bay hoi kiéu quay & nhiét d6 40°C. Dich c6 dic ndy duoc trung hoa cén
than béng axit clohydric déc. Chét rin mau tréng duge két taa khi khuéy 0 nhiét do
trong phong va & do pH 5,8 qua dém. Chét rén nay dugc loc di, rira bing mot chut
nudce lanh va 1am kho trong 10 siy chan khong & nhiét 4o 50°C qua dém. Hiéu sut
tach 14 17,5 g (62,4 mmol) (69%) DD/LL/DL/LD-metionylmetionin (I), chit rin mau
tréng, d6 tinh khiét > 98% (HPLC).

S6 liéu NMR nay phit hop véi cac két qua tir vi du 8.
Vidu 14:

Téng hop DD/LL/DL/LD-metionylmetionin (I) tir 5-[2-(metylthio)etyl]-2,4-
imidazolidindion (IId) (metioninhydantoin) va DL-metionin bing K,COs theo phuong
phap G

Hoa tan 13,4 g (0,09 mol) DL-metibnin, 17,2 g (0,09 mol, d tinh khiét: 91%)
metioninhydantoin (IId) va 12,4 g (0,09 mol) K,CO; trong 150 ml nuée va khudy &
nhiét d6 150°C trong ndi hip tr dong Roth dung tich 200 ml bing may khuy tir trong
thoi gian 5 gid, trong thoi gian d6 ap suét ting 1én dén 12 bar (1200 kPa). Sau khi phan
tng nay xay ra hoan toan, 1am nguoi ndi hip tu dong, va 3,6-bis[2-(metylthio)etyl]-
2,5-piperazindion (III) (metionindiketopiperazin, DKP) két tia dugc loc di va rira bing
mot chiit nude. Nuéde rira va nude cai duge két hop va cd dic dén thé tich 135 ml trong
thiét bj 1am bay hoi kiéu quay & nhiét 46 40°C. Sau d6, chuyén dong CO, vira phai vao
dung dich thu dugc cho dén khi dat dugc dén do pH 6,8 va chit rin mau tréng két tua.
Chét nay duoc loc di, rira bing mot chut nudc lanh va lam khé trong 10 sdy chan
khong & nhiét d9 50°C qua dém. Hi¢u sult: 14,3 g (60,0 mmol) (57%) DD/LL/DL/LD-
metionylmetionin (I), cht rén mau tréng, d6 tinh khiét > 99% (HPLC).

S liéu NMR nay phit hop véi cac két qua tir vi du 8.
Vidu 15:
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Téng hop DD/LL/DL/LD-metionylmetionin (I) tir 5-[2-(metylthio)etyl]-2,4-
imidazolidindion (IId) (metioninhydantoin) va DL-metionin bing KHCOj; theo
phuong phap G

Hoa tan 13,4 g (0,09 mol) DL-metionin, 17,2 g (0,09 mol, dd tinh khiét: 91%)
metioninhydantoin (IId) va 9,1 g (0,09 mol) KHCO; trong 150 ml nuéc va khudy &
nhiét d6 150°C trong ndi hip tw dong Roth dung tich 200 ml bing may khudy tir trong
thoi gian 5 gid, trong thoi gian d6 ap suét ting 1én dén 12 bar (1200 kPa). Sau khi phan
ng nay xay ra hoan toan, 1am ngudi ndi hip tu dong, va 3,6-bis[2-(metylthio)etyl]-
2,5-piperazindion (IIT) (metionindiketopiperazin, DKP) két tiia dwgc loc di va rira bang
mot chat nude. Nude rira va nude cai duge két hop lai va cd dic dén thé tich 120 ml
trong thiét bi 1am bay hoi kiéu quay & nhiét o 40°C. Sau 6, chuyén dong trung binh
CO, vao dung dich thu dugc cho dén khi dat duge dén d6 pH 6,3 va chét rin mau
tréng két tha. Chét nay dugc loc di, rira bing mét chit nudc lanh va 1am khé trong 10
sdy chan khong & nhiét d6 50°C qua dém. Hiéu suit: 16,0 g (57,1 mmol) (63%)
DD/LL/DL/LD-metionylmetionin (I), chit rin mau tring, do tinh khiét > 99%
(HPLC).

S6 lidu NMR nay phit hop véi céc két qua tir vi du 8.
Vidu 16:

Téng hop DD/LL/DL/LD-metionylmetionin (I) tir 2-amino-4-
(metylthio)butanoamit (IIc) (metioninamit) va DL-metionin bang (NH,),CO; theo
phuong phap H

Hoa tan 8,3 g (0,045 mol) 2-amino-4-(metylthio)butanoamit (Il¢) hydroclorua,
6,7 g (0,045 mol) metionin, 4,3 g (0,045 mol) (NH,4),CO; va 3,0 g (0,045 mol) KOH
tinh khiét 85% trong 75 g of nuéc va khudy & nhiét d6 160°C trong ndi hip tw dong
Roth dung tich 200 ml bing méay khudy tir trong thdi gian 6 gid. Sau d6 ndi hép tu
dong dugc lam lanh trong bé nudc da, loc huyén phu thu dugc ra, va rita 3,6-bis[2-
(metylthio)etyl]-2,5-piperazindion (II) (metionindiketopiperazin, DKP) két tia bing

mdt chit nude. Nudce rira va nude cai duge két hop lai va c6 dic dén thé tich 70 ml
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trong thiét bi 1am bay hoi kiéu quay & nhiét do 40°C. Sau d6, chuyén dong CO, trung
binh vao dung dich thu dugc cho dén khi dat dwgc do pH bing 6,3 va chét rin mau
tréng két tha. Chit nay duqc‘loc di, rira b%mg mot chat nude lanh va lam kho trong 10
siy chan khéng & nhiét do 50°C qua dém. Hiéu sudt: 7,8 g (27,8 mmol) (62%)
DD/LL/DL/LD-metionylmetionin (I), chit rdn mau tring, d6 tinh khiét > 98%
(HPLC).

S6 lieu NMR nay phu hop véi cac két qua tir vi du 8.
Vi du 17:

Tbng hop DD/LL/DL/LD-metionylmetionin (I) tir 2-hydroxy-4-
(metylthio)butannitril (Ile) (3-(metylmercapto)propionaldehyt xyanohydrin, MMP-
CH) va DL-metionin bang NH,HCO; theo phwong phap H

Cho tur tir ting giot 15,2 g (0,116 mol) 2-hydroxy-4-(metylthio)butannitril
(Ile) & nhiét 4o trong ph(‘)ng vao huyén phu chira 11,1 g (0,141 mol = 1,22 dwong
lwong) NH,HCO; trong 10 g nuée va khudy trong thoi gian 2 h. NH,HCO; duoc hoa
tan trong thoi gian ndy. Sau d6, cho 180 g nudc vio va khudy dung dich thu dugc &
nhi¢t do 50°C trong thoi gian 7 h va & nhiét d§ trong phong qua d€m. Séng hom sau,
cho 17,3 g (0,116 mol) metionin, 7,7 g (0,116 mol) KOH tinh khiét 85% va mot phin
180 g nudc nita vao, va chuyén hdn hop phan tng nay vao ndi hip ty dong bing thép
dung tich 11, gia nhiét dén nhiét d6 160°C va khudy & nhiét d6 nay trong thoi gian
6 gio. Sau do ndi hf’lp ty dong duge lam lanh trong bé nude da, loc huyén phu thu
dugc, va ria 3,6-bis[2-(metylthio)etyl]-2,5-piperazindion (III) (metionindiketo-
piperazin, DKP) két tia bing 100 ml nudc. Nudc cai va nude rira duogce két hop, va cd
dic dung dich thu dugc dén thé tich 160 ml trong thiét bi 1am bay hoi kiéu quay &
nhiét do 40°C. Dich dic nay trung hoa cn than bing axit sulfuric ndng d6 50%. Chét
rin mau tring dugc két tha khi khudy & nhiét d¢ trong phong va & d6 pH 5,4 qua dém.
Chét rén nay dugc loc di, rira bing mot chit nudc lanh va 1am kho trong 16 sdy chén
khong & nhiét d 50°C qua dém. Hi¢u suit: 15,2 g (54,2 mmol) (47%) DD/LL/DL/LD-
metionylmetionin (I), chit rin mau tring, do tinh khiét > 99% (HPLC).
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S6 liéu NMR nay phit hop véi cac két qua tir vi du 8.
Vi dy 18:

Téng hgp DD/LL/DL/LD-metionylmetionin (I) tir 2-amino-4-
(metylthio)butannitril (IIf) (metioninnitril) bing CO, va DL-metionin theo phwong
phap H

Chuyén dong trung binh CO, vao dung dich chira 26,2 g (0,201 mol) 2-amino-
4-(metylthio)butannitril (IIf) trong 330 g nudc trong thoi gian 3 gio, trong thoi gian do6
nhiét d6 ting 1én dén 45°C va do pH dugc gitt & mtc 8. Sau d6, khudy tiép tuc & nhiét
do trong phong qua dém. Séng hom sau, tron hdn hgp phan tmg nay véi 30,0 g
(0,201 mol) metionin va 13,3 g (0,201 mol) KOH tinh khiét 85% va chuyén vao ndi
hip tu ddng bang thép dung tich 1 1, gia nhiét dn nhiét d6 160°C va khudy & nhiét do
nay trong thoi gian 6 gid. Sau d6 ndi hip tw déng duge 1am lanh trong bé nude d4, loc
huyén phu thu dugc, va rira 3,6-bis[2-(metylthio)etyl]-2,5-piperazindion (III)
(metionindiketopiperazin, DKP) két tia bing mot chit nuéc. Nude rira va nude cai
dugc két hop va co dic dén thé tich 280 ml trong thiét bi 1am bay hoi kidu quay & nhiét
d6 40°C. Sau do, chuyén dong trung binh CO, vao dung dich thu dugc cho dén khi dat
dugc d9 pH 6,0 va chét rin mau tring két tia. Chit nay duoc loc di, rira bang mot chut
nuée lanh va 1am khd trong 16 siy chan khong & nhiét do 50°C qua dém. Hiéu suét:
32,7 g (116,6 mmol) (58%) DD/LL/DL/LD-metionylmetionin (I), chit rin mau tréng,
do tinh khiét > 98% (HPLC).

S6 liéu NMR nay phi hop véi cac két qua tir vi du 8.
Vidu 19:

Téng hgp DD/LL/DL/LD-metionylmetionin () tir 3-(metylthio)propanaldehyt
(IIg) (MMP) bang axit hydroxyanic, amoni cacbonat va DL-metionin theo phuong
phapJ

Cho 66,0 g (0,68 mol) (NH,),CO; vao 100 g nuéc va 1am lanh xudng nhiét d6
5°C trong bé nudc da. Sau d6 cho timg giot 16,55 g (0,612 mol) axit hydroxyanic vira
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méi dugc cht vao trong thoi gian 25 phit, trong thoi gian d6 nhiét 6 ctia huyén phu
duge giit tir 5 dén 10°C. Sau khi da cho 500 g nuéc vao, cho ting giot 60,3 g (0,58
mol) 3-(metylthio)propionaldehyt (IIg) vao & nhiét do 10°C trong thoi gian 80 phut.
Do pH dugc gitt & mirc khong dbi ndm trong khoang tir 8,5 dén 9 trong thoi gian nay.
Sau d6, gia nhiét hdn hop phan tng nay dén nhiét d6 50°C va khudy & nhiét d6 nay
trong thoi gian 7 gid. Sau khi phan ng nay xay ra hoan toan, lam ngudi hdn hop phan
tng xudng nhiét d6 5°C trong bé nudc d4 va bao quan trong may lanh qua dém. Sang
hom sau, cho 86,5 g (0,58 mol) axit 2-amino-4-(metylthio)butanoic (metionin), 38,3 g
(0,58 mol) KOH tinh khiét 85% (0,58 mol), va mot phin 530 g nudc nira vao. Hon hop
nay dugc chuyén vao ndi hip tu dong bing thép dung tich 2 1, gia nhiét dén nhiét do
160°C va khudy & nhiét d6 nay trong thoi gian 6 gio. Sau d6 ndi hép tu déng dugc lam
lanh trong bé nudc d4, loc huyén phu thu duge, va 3,6-bis[2-(metylthio)etyl]-2,5-
piperazindion (III) (metionindiketopiperazin, DKP) két tia dugc rira bang mot chit
nude. Nudce rira va nude cai duoc két hop lai va c6 dic dén thé tich 800 ml trong thiét
bi 1am bay hoi kiéu quay & nhiét d6 40°C. Sau d6, chuyén dong trung binh CO, vio
dung dich thu dugc cho dén khi dat duogc do pH 6,0 va chét rdn mau tréng két tia. Chét
ndy duge loc ra, rira bing mdt chit nude lanh va 1am khé trong 10 sdy chan khong &
nhiét d0 50°C qua dém. Hiéu suit: 85,1g (0,30 mol) (52%) DD/LL/DL/LD-
metionylmetionin (I), cht rén mau tring, do tinh khiét > 98% (HPLC).

S6 liéu NMR nay phit hop véi cac két qua tir vi du 8.
Vi du 20:

Téach hai cip chit ddng phan khong d6i quang DD/LL-metionylmetionin
(DD/LL-I) va DL/LD-metionylmetionin (DL/LD-I) bing cach két tinh phan doan tir
DD/LL/DL/LD-metionylmetionin (I) theo phuong phép K '

a) DL/LD-metionylmetionin (DL/LD-I):

Tao huyén phit 290,4 g DD/LL/DL/LD-metionylmetionin (I) (hén hop 50:50
ctia DD/LL-I va DL/LD-I) trong 2614 g nuéc khir ion va diéu chinh d6 pH dén 0,6
bang 381,7 g axit sulfuric ndng d6 50% theo khdi lwong. Piéu chinh dung dich trong
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khdéng mau nay dén d6 pH 5,6 bang 265,9 g dung dich amoniac 32% theo khdi lugng,
va chit két tia mau tring thu duoc dugce loc di bing cach hut (580,9 g 4m). Cubi cing
lam kho chét rin nay trong 10 sdy trong chan khong & nhiét d6 50°C. Hiéu suit 13
126,2 g (86,9%) DL/LD-metionylmetionin (DL/LD-I), chit rin mau tring, d6 tinh
khiét > 98% (HPLC), khoang nhiét d6 nong chay 232-233°C (phén huy).

'H.NMR  cia DL/LD-metionylmetionin  (DL/LD-I) (500 MHz,
Dg-DMSO+HCI): 1,88-2,12 (m, 4H, 2 x SCH,CH,); 2,031 (s, 3H, CHs); 2,041 (s, 3H,
CH,); 2,48-2,56 (m, 4H, 2 x SCH,); 3,87-3,95 (m, 1H, CH); 4,30-4,38 (m, 1H, CH);
8,429 (d, 3H, *J = 4,4Hz, NH;"); 9,034 (d, 1H, 3J = 8,0Hz, NH)

BC.NMR coia DL/LD-metionylmetionin (DL/LD-I) (125,8 MHz, Ds-
DMSO+HCI): 14,57 (CHs); 14,62 (CHs); 28,19; 29,75; 30,28; 31,19; 51,25 (CH);
51,79 (CH); 168,29 (CONH); 172,80 (COOH)

Do tan (nude, 20°C): 0,4 g/l
b) DD/LL-metionylmetionin (DD/LL-I):

Co dic nude cai khéng mau tir budc a) trong thiét bi 1am bay hoi kiéu quay &
nhiét 9 35°C trong diéu kién chan khéng bing bom nuéec. Thu dugc huyén phit mau
tréng. Sau d6 loc tach chét rén mau tréng bao gém amoni sulfat, phén con lai DL/LD-I
va hop chét dich bang cach hit va lam khé trong chan khong & nhiét d6 50°C. Ba chét
rin nay dugc tich riéng bang cach tao huyén phit hén hop niy trong nudc khir ion va
khuéy tron. DL/LD-I khong hoa tan dugc loc di b%mg cach hat, va c¢d dic nude cai dén
con khoang mot phan nam trong thiét bi 1am bay hoi kiéu quay & nhiét d6 50°C trong
diéu kién chan khéng bing bom nuéc. Sau khi dé yén trong thoi gian dai,
DD/LL-metionylmetionin (DD/LL-I) dugc két tinh dudi dang chét rin mau tring.
Cudi cliing, chét nay dugc loc tach bing cach hit va 1am kho trong 10 sy chan khong &
nhiét @0 50°C. Hiéu s_uét la 78,2 g (53,9%) tinh theo DD/LL-metionylmetionin
(DD/LL-I), chit rin mau tréng, > 96% (HPLC), khoang nhiét d6 ndng chay 226-227°C
(phén huy).
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'H-NMR  cia DD/LL-metionylmetionin (DD/LL-I) (500 MHz,
Dg-DMSO-+HCI): 1,84-2,12 (m, 4H, 2 x SCH,CH,); 2,044 (s, 3H, CHs); 2,046 (s, 3H,
CH;); 2,48-2,62 (m, 4H, 2 x SCH,); 3,89-3,97 (m, 1H, CH); 4,33-4,40 (m, 1H, CH);
8,422 (d, 3H, °J = 4,0Hz, NH;"); 9,065 (d, 1H, *J=7,5Hz, NH)

BC.NMR ctia DD/LL-metionylmetionin (DD/LL-I) (125,84 MHz, Ds-
DMSO+HCI): 14,56 (CHs); 14,57 (CHs); 27,97; 29,73; 30,35; 31,11; 51,22 (CH);
51,50 (CH); 168,41 (CONH); 172,83 (COOH)

b tan (nudc, 20°C): 21,0 g/l
Vidu 21:

Raxemic hoa hai cip chit ddng phan khong d6i quang DD/LL-
metionylmetionin (DD/LL-I) va DL/LD-metionylmetionin (DL/LD-I) trong diéu kién

kiém
a) Raxemic h6a DL/LD-metionylmetionin (DL/LD-I)

Hoa tan 12,6 g (45,0 mmol) cip chit ddng phan khéong dbi quang DL/LD-
metionylmetionin (DL/LD-I) cung véi 3,1 g (22,5 mmol) K,CO; trong 75 ml nuédc
trong binh phan ung thi nghiém Roth c6 dung tich 200 ml va gia nhiét dén nhiét do
160°C ddng thoi khudy. Ap suét ting 1én dén 7 bar (700 kPa) trong thoi gian ndy. Sau
6 gid & nhiét dd ndy, 1am ngudi ndi hdp ty dong trong bé nudc da. Sau d6, loc huyén
phi thu dugc, va loc chit rin nay di, rira mot s6 1in bang nudc va 1am khd trong 10 sdy
trong chan khong & nhiét ¢ 50°C. Hiéu suit tach 13 6,5 g (24,8 mmol) (55%) bis[2-
(metylthio)etyl]-2,5-piperazindion (III), tinh thé mau tring hoi vang, do tinh khiét >
98%, nhiét d6 néng chay 234-236°C; ty 1& chit dong phén khong dbi quang: 52:48
(DD/LL-III : meso-III). Nuéc rira va nude cai duoc két hop lai va cod dic dén thé tich
25 ml trong thiét bj 1am bay hoi kiéu quay & nhiét d6 40°C. Sau d6, cho dong CO,
trung binh di vao dung dich thu dwgc cho dén khi d6 pH dat dén 6,0 va chét rin mau
trang két tia. Chit nay duge loc ra, rira bing mot chit nude lanh va lam khd trong 10

sdy chan khong & nhiét d 50°C qua dém. Hiéu suit tach 14 5,7 g (20,3 mmol) (45%)
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DD/LL/DL/LD-metionylmetionin (I), chit rin mau tring, d tinh khiét > 98%
(HPLC).

S6 liéu NMR nay phi hop véi cac két qua tir vi dy 8.
a) Raxemic héa DL/LD-metionylmetionin (DD/LL-I)

Hoa tan 12,6 g (45,0 mmol) DD/LL-metionylmetionin (DD/LL-I) cung véi
4,5 g (45,0 mmol) KHCOj; trong 75 ml nuéc trong binh phdn ing phong thi nghiém
Roth ¢6 dung tich 200 ml va gia nhiét dén 160°C trong khi 1a khudy. Ap suit tang 1én
dén 7 bar (700 kPa) va, sau 6 gid & nhiét d6 nay, lam ngudi ndi hdp ty dong trong bé
nudc da. Sau do6 loc huyén phu thu dugc, va rira vai 14n chét rin loc dugc brfmg nudc
va lam khd trong 10 sdy trong chin khéng & nhiét do 50°C. Hiéu suét tach 12 6,0 g
(22,9 mmol) (51%) bis[2-(metylthio)etyl]-2,5-piperazindion (III), tinh thé mau tring
hoi vang, d6 tinh khiét > 98% (HPLC), nhiét d6 néng chay 233-236°C; ty 18 chit dong
phan khong d6i quang: 54:46 (DD/LL-III: meso-III). Nu6c rira va nude cai duge két
hop lai va c6 dic dén thé tich 25 ml trong thiét bj lam bay hoi kiéu quay & nhiét d6
40°C. Sau d6, chuyén dong CO, trung binh vao dung dich thu dugc cho dén khi d6 pH
dat dén 6,0 va chét rén mau tréng két tha. Chét nay dugc loc di, rira béng mot chut
nude lanh va 1am khd trong 16 sy chan khong & nhiét do 50°C qua dém. Hiéu suét
tach 12 5,5 g (19,6 mmol) (44%) DD/LL/DL/LD-metionylmetionin (I), chit rin mau
tréng, 46 tinh khiét > 98% (HPLC).

S6 liéu NMR nay phit hop véi céc két qua tir vi du 8.
Vi du 22:

Thir nghiém phan cét in vitro DL-metionyl-DL-metionin (I) bing enzym tiéu

hoéa tir &n tap ca chép

a) Phan tach enzym ti€u hoa tir cd chép Nhat (Cyprinus  carpio  morpha
noblis)
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Phuong phép phan tich enzym ti€u hoa dya trén phuong phép ctia EID va
MATTY (Aquaculture 1989, 79, 111-119). Cho muc dich nay, rudt ciia ndm con cé
chép Nhat mot nam tudi (Cyprinus carpio morpha noblis) duge 14y ra, rira bing nude
va cit m& theo chidu dai, va trong mdi truomg hop niém mach rudt duge nao ra. Chét
nay duge nghién nho cing véi d4 nghién bing cach st dung may khudy. X Iy huyén
phi thu dugc bang dau do siéu 4m dé 1am phé v céc té bao van con nguyén ven. Tach
cac thanh phéan t& bao va chét béo bang cach ly tim huyén phi & nhiét do 4°C trong
thoi gian 30 phat, va dich ddng nhit nay dugc ling gan va duoc tiét tring bing lwong
vét thimerosal. Thu dugc 260,7 ml dung dich enzym tir niém mach rudt cia 5 con cé

chép Nhét, va dung dich ndy dugc bao quan trong diéu kién t8i & nhiét do 4°C.
b) Quy trinh khéo sat sy phén cét in vitro

DL-metionyl-DL-metionin (I) va cip chit ddng phan khong d6i quang tuong
tmg DD/LL-I va DL/LD-I dugc cho vao dung dich d¢m TRIS/HCI va dugc trdn voi
dung dich enzym . Trong mdi trudng hgp chuin bi mAu tréng khéng c6 dung dich
enzym dé so sanh va danh gi4 van tdc phan cit héa hoc tinh khiét. Thinh thoang 13y
mAu ra, va phat hién thanh phdn cia chang va dinh luong nho HPLC d4 hiéu chuén.
X4ac dinh mtc chuin héa 1a thuong s6 cta dién tich metionin cho dién tich

metionylmetionin (I) (tham khao Fig. 6 va 7).

Bang 1
Mau Mau tréng

Trudce khi nap Chat nén 0,143 mmol 0,143 mmol
Met-Met (1) (40,1 mg) (40,1 mg)
Dung dich dém 5,7 ml 8,3 ml
TRIS/HCI,
pH 9,5

Phan ng bat du  Dung dich enzym 2,6 ml ---

(2 5% dung dich cé
chép) |
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Phan tGng 37°C 37°C
Lam ngimg phan  Cho 0,2 ml dung dich phan Gng vao 9,8 ml dung dich
ng H,;PO, ndng d6 10%.

Vi du 23:

Thir nghiém phén cit in vitro DL-metionyl-DL-metionin (I) bing enzym tiéu

héa tir c4 hdi 4n thit
a)  Phén tach enzym tiéu héa tir ca hdi van (Oncorhynchus mykiss)

Phuong phép phén tach enzym ti€u héa dugc dua trén phuong phép ctia EID
va MATTY (Aquaculture 1989, 79, 111-119). Cho muyc dich nay, rudt ciia su con ca
héi van mot nam tudi (Oncorhynchus mykiss) dugc md ra va dugc x Iy nhu md ta &
vi du 22.

b) Quy trinh khéo sat sy phan cit in vitro

Thuc hién khao sét in vitro tuong tu v6i vi du 22 (tham khao Fig. 8 va 9).

Béng 2
Mau Mau tréng
Trudce khi nap Chét nén 0,143 mmol 0,143 mmol
Met-Met(I) (40,1 mg) (40,1 mg)
Dung dich dém 5,7 ml 9,8 ml
TRIS/HCI,
pH 9,5
Bit ddu phan img  Dung dich enzym 4,2 ml -
(& 10%
dung dich c4 hdi)
Phan Gng 37°C 37°C
Lam ding phan 0,2 ml dung dich phan tng dugc cho vao 9,8 ml of dung
ing dich H;PO,4 ndng d6 10%.
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Vi du 24:

Thtt nghiém phén cét in vitro trén DL-metionyl-DL-metionin (I) bing enzym

tiéu hoa tir tom an tap
a)  Phan tach enzym tiéu héa tir tom thé chan tring (Litopenaeus Vanname:i)

Phuong phdp phan tach enzym ti€u hoa dugc dya trén phuong phéap cia
Ezquerra va Garcia-Carreno (J. Food Biochem. 1999, 23, 59-74). Cho muc dich nay,
gan tuy dugc 14y ra tir nim kilogam t6m thé chén tring (Litopenaeus Vannamei) va
dugc nghién cing véi da nghién bang may khudy. Qu4 trinh xt Iy tiép theo dugc thuc

hién tuong tu véi vi du 22.
b)  Quy trinh khéo sat sy phan cét in vitro

Thyc hi€n khéo sat in vitro twong tu v6i vi dy 22 (tham khao Fig. 10 va 11).

Bang 3
Mau Mau tréng
Trude khi nap Chét nén 0,143 mmol 0,143 mmol
Met-Met (1) (40,1 mg) (40,1 mg)
Dung dich ¢€m 5,7 ml 7,9 ml
TRIS/HCI,
pH 9,5
Bit dau phan tng  Dung dich enzym 2,2ml ---
(£ 2 tdm)
Phén tng 37°C 37°C
Lam dung phéan Cho 0,2 ml dung dich phan tng vao 9,8 ml dung dich
ing H;PO, ndng d6 10%.
Vi du 25:
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Su chuyén héa sinh hoc ctia D- thanh L-metionin bang enzym tir rudt, gan va

tuy ca chép Nhat Ban

a)  Phén tich enzym ti€u hoda tir ca4 chép Nhit (Cyprinus carpio morpha
noblis)

Phuong phap phéan tach enzym ti€u héa dugc dya trén phuong phap cia EID
va MATTY (Aquaculture 1989, 79, 111-119). Cho myc dich nay, rudt ciia nim con ca
chép Nhat mot nam tudi (Cyprinus carpio morpha noblis) dugc 14y ra va duge xit ly
nhu mé ta & vi du 22. D& phan tich enzym tua gan, gan dugc tach ra, 1am ddng nhét
hoa va dugce xir ly trong tu véi phuong phép ldy enzym tir rudt & vi du 22. Quy trinh

phén tach enzym tir tuy cling twong tuu v4i phuong phép nay.
b)  Quy trinh chuyén héa sinh hoc in vitro D- thanh L-metionin

Cho D-metionin vao dung dich dém, va cho dung dich enzym vao. Mau tréng
khong chtra dung dich enzym dugc pha trong mdi trudong hop dé so sanh va @ uéc
tinh mirc d6 chuyén hoa héc hoc tinh khiét. Sau 24 gid, 14y mAu ra va phat hién va
dinh lugng thanh phan nhd HPLC da hiéu chuin. X4c dinh muc chuyén hoa 1a thuong

sd ctia dién tich L-metionin cho dién tich D-metionin (tham khéo Fig. 4).

Bang 4
Miu Mau tréng
Trudc khi nap Chéat nén 0,143 mmol 0,143 mmol
D-Metionin (21,3 mg) (21,3 mg)
Dung dich ¢ém 11,7 ml 23,4 ml
Bit dau phan tng  Hn hop enzym 11,7 ml -
(2 5% dung dich cé
chép)
Phén Ung 37°C 37°C
Lam dung phéan Cho 0,2 ml dung dich phan ung vao 9,8 ml dung dich
ing H;PO, ndng d6 10%.
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Céc dung dich dém:

Dung dich dém xitrat:  pH 5, pH 6 va pH 7
Dung dich dém phosphat: pH 8

Dung dich dém TRIS/HCl:pH 9

Hdn hop enzym bao gdm enzym ciia rudt, gan va tuyén tuy (2 5% dung dich
tir ca chép):

2,6 ml dung dich enzym tir ni€m mac rudt
3,5 ml dung dich enzym tir gan
5,6 ml dung dich enzym tir tuy
Vi du 26:

Céc dic tinh ngdm chiét cia hdn hop cac chit ddng phan khong dbi quang
metionylmetionin LL/DD/LD/DL-I, DD/LL-I va DL/LD-I tir vién nho thirc &n so véi
DL-metionin, MHA va canxi MHA

Hon hop thirc an: Chét nén thirc &n duoc sir dung 13 hdn hop thirc an khong
chira metionin gdm cac thanh phin thong thuong ching han nhu db an tir d4u nanh,
diu dau nanh, tinh bot ngo, dd an tir lta mi, dd #n tir c4, xenluloza, axit amin thiét yéu
& dang tinh thé va cac chit kho4ng va c4c vitamin nhu 14 c4c thanh phan ban ddu. Sau
d6, hdn hop nay dugc bd sung trong timg mé trong mé 20 kg trong mdi trudng hop véi
dan xult metionin dugc néu trong Bang 5, v6i mirc 6 bd sung 0,25% (tinh theo luong
luu huynh tuong duong), va dugc 1am ddng nhét hod va sau d6 duoc tao vién bing
cach xtr ly dong. So sénh vo6i metionylmetionin (I), thuc hién thir nghiém tao vién nhé
trong mdi trudng hop véi DL-metionin, MHA (chit twong ty metionin hydroxy) va
canxi MHA. Ngoai ra, tién hanh thir nghiém ddi ching bing cach tao vién nhd ma

khong bd sung din xuit metionin (tham khéo bang 5).
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Béang 5
] L D6 tinh khiét |Phan tir lwong | Trong lugng
So Dan xuat metionin .
(Wt%) (monome) ban dau
1 Khéng c6 chét phu gia --- --- 0,00 g
2 DL-metionin 99,0% 149,21 50,61 ¢g
3 MHA 88,0% 150,19 57,14 g
4 Canxi MHA (MHA-Ca) |93,3% 169,22 60,77 g
DD/LL/DL/LD metionyl-
5 99,7% 140,20 47,13 g
metionin (I)

T4t ca cac chit ddng phan khong dbi quang ctia metionylmetionin (I) van giit

6n dinh trong sudt qua trinh tao vién nho va xir Iy bang hoi (tham khao bang 6).
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Béang 6
Mau . .
Hon hop thic  |Hon hgp thic dn Vién nhd thirc dn
an khong duge |duge bd sung dwoc bd sung
Thong 5 b sung Met-Met (I) Met-Met (I)

CP % |18,64 18,88 18,45
DM % 85,58 86,58
MET % 10,28 0,47 0,51
CYS % 10,32 0,32 0,30
MET+CYS |% |0,59 0,79 0,81
LYS % (1,00 0,99 0,98
THR % (0,67 0,70 0,67
ARG % [1,16 1,19 1,17
ILE % (0,75 0,79 0,74
LEU % |1,54 1,60 1,51
VAL % [0,88 0,90 0,85
HIS % (0,47 0,51 0,48
PHE % (0,91 0,92 0,88
GLY % 10,78 0,81 0,77
SER % (0,89 0,94 0,90
ALA % (0,89 0,93 0,89
ASP % [1,74 1,75 1,70
GLU % (3,62 3,79 3,58
MET-MET

Ex 0,156 0,153
@) |
MET Ex 0,017 0,022
LYS Ex 0,092 0,104

(Ex: Thanh phén hoa tan)

-48-




21007

Trong trudng hop ndy, viéc xac dinh axit amin dua tréh phuong phap EU
98/64/EC. Sau khi chiét axit amin ty do va metionylmetionin (I), sau d6 xac dinh céac
chét nay nho bd phén tich axit amin bing cach tao din xuit héa sau cot bang ninhydrin
(tham khao bang 6).

Sau d6, khao sat cac dic tinh ngdm chiét cla cac chit ddng phan khong dbi
quang cia metionylmetionin (I) tir vién nhé thirc &n trong nudc. Trong truong hop
ndy, x4c dinh sy hoa tan ra ciia metionylmetionin trong nuéc nhu 13 ham s pguh
thudc vao thoi gian, nhi€t 49, thanh phﬁn nudc (nudc mén hodc nudc ngot). Cho muc
dich nay, cho 20,0 g vién nho thirc an vao tdi rdy c6 ludi dong va ngdm hoan toan
trong 200 g nudc trong binh thét ¢ Erlenmeyer. Sau d6, tit ca cac chét trong binh thét
c¢b Erlenmeyer dugc khudy lién tuc bing may lic phong thi nghiém & nhiét do khong
di 20°C. Sau d6, cir cach mot khoang thoi gian nhit dinh, 14y miu trong mdi truong
hop va x4c dinh ham lwong cia cip cic chit ddng phin khong d6i quang

metionylmetionin don 1& trong nuéc bang HPLC (tham khao bang 7).

Bang 7

Thoi Metionin | MHA |MHA-Ca|LL/DD-I | DL/LD-I | LL/DD/LD/DL-I
gian

0 4,0% 6,0% 8,6% 2,7% 0,6% 1,5%
5 12,0% 12,8% | 16,5% 3,7% 0,7% 2,0%
10 16,0% 20,8% | 28,2% 6,5% 0,9% 3,2%
15 24,0% 28,8% | 39,4% 7,7% 0,6% 3,6%
30 39,9% 50,5% | 61,7% | 12,1% 0,6% 5,4%
60 59,9% 754% | 82,4% | 20,6% 1,7% 9,5%
120 79,8% 94,1% | 94,1% | 27,4% 1,7% 12,3%
210 87,8% 99,9% | 97,0% | 35,9% 3,8% 17,0%

Dé so sanh, trong mbi trudng hop, khao sat vién nhé thirc #n duge bd sung
DL-metionin, MHA hod#c canxi MHA trong cung diéu kién va do d6 x4c dinh cac dic
tinh ngdm chiét ciia chiing trong nudc trong diéu kién twong tmg (tham khao Fig. 5 va
bang 7).

-49-



21007

YEU CAU BAO HQ
1. Quy trinh san xuit DL-metionyl-DL-metionin (I) c¢6 cong thirc:

0

HN ~
/\i NHZ
s COH
@)
bao gbébm budc cho din xuét ure c6 cong thirc chung II:

/S\/YR
2

R

(ID)

trong d6 cac géc R! va R? trong dan xut ure Ila, IIb, Ilc, Ile va IIf dugc xac
dinh nhu sau:

trong do: [la:R'= COOH, R’= NHCONH,
IIb: R! = CONH,, R* = NHCONH,
Ilc: R' = CONH,, R? = NH,
Ile: R' = CN, R2.= OH
IIf: R' = CN, R* = NH;,
phan ung dé tao ra DL-metionyl-DL-metionin..

2. Quy trinh theo diém 1, trong d6 d6 pH cua dung dich chtra din xuét ure dugc
diéu chinh nim trong khoang tir 8 dén 14.
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3. Quy trinh theo diém 2, trong d6 d6 pH dugc diéu chinh nim trong khoang tir 10
dén 13.

4. Quy trinh theo diém bét ky trong sb cac diém tir 1 dén 3, trong d6 phéan ting nay
x4y ra & nhiét 6 ndm trong khoang tir 50 dén 200°C.

5. Quy trinh theo diém 4, trong d6 phan tng xay ra & nhiét ¢ nim trong khoang
tlr 80 dén 170°C.

6. Quy trinh theo diém bét ky trong s cac diém tir 1 dén 5, trong d6 phan ing nay

dugc thyc hién & di€u kién &p suat.

7. Quy trinh theo diém 6, trong d6 phan Gng nay dugc thuc hién & diéu kién ap
suét tir 3 dén 20 bar (300 kPa dén 2000 kPa).

8. Quy trinh theo diém 1, trong d6 quy trinh nay bao gbm céc budc sau day:

a) cho din xuét ure c6 cong thuc Ila, IIb, Ilc, Ile va IIf phan Ung dé tao ra

diketopiperazin (III) c6 cong thirc:

(IID)

b) cho diketopiperazin (III) phan tng dé tao ra DL-metionyl-DL-
metionin (I), trong d6 phan tmg cia din xuét ure dé tao ra diketopiperazin duoc thuc

hién & nhiét 46 ndm trong khoang tir 50°C dén 200°C.

9. Quy trinh theo diém 8, trong d6 phan ung cla din xuédt ure dé tao ra

diketopiperazin dugc thyc hién & nhiét do nam trong khoang tir 100°C dén 180°C.
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10.  Quy trinh theo diém 8 hoic 9, trong d6 phan mg ciia din xuét ure dé tao ra

diketopiperazin dugc thuc hién & diéu kién 4p suét.

11.  Quy trinh theo diém 10, trong d6 phan ng cia din xuit ure dé tao ra
diketopiperazin duoc thyc hién & didu kién ap suét tir 3 dén 20 bar (300 kPa dén 2000
kPa).

12.  Quy trinh theo diém bét ky trong sb cac diém tir 8 dén 11, trong d6 phan tng

cua dan xuat ure d¢ tao ra diketopiperazin x4y ra véi sy cd mét cia bazo.

13.  Quy trinh theo diém 12, trong d6 bazo nay dugc chon tr nhom gém cac bazo
chira nitor, NH4HCO3, (NH4)2CO3, KHCO3, K2CO3, h5n hO‘p NH4OH/C02, cac mUél

carbamat, bazo cua kim loai ki€ém va kim loai ki€m thd.

14.  Quy trinh theo diém bt ky trong s6 cac diém tir 8 dén 13, trong d6 phan tng
cia din xuft ure dé tao ra diketopiperazin xay ra bang cach cho phan tng Vi

metionin.

15.  Quy trinh theo diém bét ky trong s6 cac diém tir 8 dén 14, trong d6 phan tng
cua diketopiperazin d& tao ra DL-metionyl-DL-metionin xay ra bing céch thity phan

béng axit.

16.  Quy trinh theo diém 15, trong d6 qua trinh thiry phéan bang axit xay ra véi su c6
mit cia axit dugc chon tir nhém gi‘)m cac axit vo co, HCI, H,CO3, CO,/H,0, H,SOq,,

axit phosphoric, axit carboxylic va axit hydroxy carboxylic.

17.  Quy trinh theo diém bét ky trong s6 cic diém tir 8 dén 16, trong d6 phan tng
ctia diketopiperazin dé tao ra DL-metionyl-DL-metionin xay ra bang cach thiy phan

bang kiém.

18.  Quy trinh theo diém 17, trong d6 phan tmg thiy phén bang kiém nay dugc thuc
hién & d6 pH tir 7 dén 14 dé thu dugc DL-metionyl-DL-metionin.
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19.  Quy trinh theo diém 18, trong d6 phan ng thity phan bing kiém nay dwoc thuc
hién & d6 pH tir 9 dén 12.

20.  Quy trinh theo diém 17 dén 19, trong d6 diéu kién kiém duoc diéu chinh bing
cach st dung mét chit dwoc chon tir nhém gdm cic bazo chira nito, NHHCO:;,
(NH,),CO3, hén hop NH,OH/CO,, céc mudi carbamat, KHCO3, K,CO;, cacbonat, cic

bazo kim loai ki€ém va cac bazo kim loai ki€m tho.

21.  Quy trinh theo diém bét ky trong s6 cac diém tir 15 dén 20, trong d6 phan tmg
nay dugc thuc hi€n ¢ nhiét do nim trong khoang tir 50°C dén 200°C.

22.  Quy trinh theo diém 21, trong d6 phan Gng nay dugc thyc hién & nhiét 4o nim
trong khoang tir 80°C dén 180°C.

23.  Quy trinh theo diém 22, trong d6 phan Ung nay dugc thuc hién & nhiét do nam
trong khoang tir 90°C dén 160°C.

24.  Quy trinh theo diém bét ky trong sb cac diém tir 8 dén 14, trong d6 phan Ung
cta diketopiperazin dé tao ra DL-metionyl-DL-metionin xay ra bing cach dwa CO,

vao dung dich kiém.

25.  Quy trinh theo diém 24, trong d6 dung dich kiém 14 dung dich amoni hydroxit,
kali hydroxit hogc natri hydroxit c6 tinh kiém.

26. Quy trinh theo diém bit ky trong sd cac diém tir8 dén 25, trong d6

diketopiperazin dugc tach ra trudce khi thuy phén.

27.  Quy trinh theo diém 26, trong d6 diketopiperazin dugc tich ra bang cach két
tinh tir dung dich phan ng & nhiét d6 ndm trong khoang tir -30 dén 120°C.

28.  Quy trinh theo diém 27, trong d6 qué trinh két tinh dugc thuc hién & nhiét do
nim trong khoang tir 10 dn 70°C.
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29. Quy trinh phan tich hdn hop cic chit ddng phan khéng dbi quang
DD/LL/DL/LD-metionylmetionin bing cach két tinh tir dung dich phan tng kiém da

thu dugc theo diém bt ky trong s6 cac diém tir 1 dén 14 va 17 dén 28.

30.  Quy trinh theo diém 29, trong d6 dung dich niy dwgc didu chinh dén d6 pH

nim trong khoang tir 5 dén 9.

31.  Quy trinh theo diém 30, trong d6 dung dich dugc diéu chinh dén do pH nim
trong khoang tir 5 dén 7.

32.  Quy trinh theo diém 31, trong d6 dung dich ndy dugc didu chinh dén do pH
khoang 5.,6.

33.  Quy trinh theo diém bét ky trong sb cac diém tir 29 dén 32, trong d6 qua trinh
két tinh xay ra véi sy c¢6 mit cua axit dugc chon tir nhom gém cac axit vo co, HCI,

H,CO;, CO,/H,0, H,S0,, axit phosphoric, axit carboxylic, axit hydroxy carboxylic.

34. Quy trinh phan tach hdn hop céc chit ddng phin khong dbdi quang
DD/LL/DL/LD-metionylmetionin bing cich két tinh tir dung dich phan ting c6 tinh
axit thu dugc theo diém 15 hoic 16, trong d6 dung dich nay dugc diéu chinh dén do
pH nim trong khoang tir 5 dén 9.

35.  Quy trinh theo diém 34, trong d6 dung dich nay dugc didu chinh bing bazo dén
d6 pH ndm trong khoang tir 5 dn 7.

36.  Quy trinh theo diém 35, trong d6 dung dich ndy dwgc diéu chinh dén d6 pH
khoang 5,6.

37.  Quy trinh theo diém bt ky tir 34 dén 36, trong d6 bazo niy dugc chon tir nhém
gdm NH,HCO;, (NH,),COs, céc bazo chtra nito, NH,OH, cdc mudi carbamat,

KHCO;, K,COs, cacbonat, bazo cua kim loai kiém va kim loai kiém thd.
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