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TOM TAT

Mot thach thiec 1on trong cac qua trinh 18n men & trang thai rén c6 lién quan dén sy phat trién/Ién 1én khong déng
nhat cua vi sinh vat trén chat nen ran, dan dén nhitng kho khén dang ké trong viéc kiém soét va t01 uu hoda qua
trinh. M6t tré ngai khac 1a do nim lién ket chat ch& véi chat nén va soi nam xam nhap vao vat liéu rin nén chung
khong thé duoc can doc 1ap vai chat nén, khién cho vige xac dinh tryc tlep trong luong kho cua sinh khéi nim
gan nhu khong thé. Vi viéc sir dung k¥ thuat truc tiép la khong thuc té nén viéc str dung ky thuat uéce lugng gian
tiép la lya chon thay thé duy nhat. Trong s6 cac ky thuat wdc lugng gian tiép, ergosterol da dugc chimg minh 1a
mot chi s6 phu hop va nhay cam dé dinh lugng sinh khéi cua nim soi. Qua trinh phan tich ergosterol dugc thuc
hi¢n theo ba budc: (1) thiy phan va xa phong hoa mau dé giai phong ergosterol khoi mang huyét tuong, I1) Chlet
XUt ergosterol va (III) dinh Iuong ergosterol. Trong nghién ctru nay, ching toi kiém nghiém céc thong sb can
thlet trong qua trinh chiét xuét ergosterol cho viéc dinh lugng sinh khdi nam trong qua trinh 1én men & trang thai
ran st dung nim Stachybotrys chlorohalonata (ascomycete). Cac thong sb khao sat bao goém thé tich toluene can
cho viéc chiét xuat va sb 1an chiét. Két qua nghién ciu cho thay rang 100 mg mau rin (khd) dugc chiét xuat véi
2 mL toluene (co chira thém 125 uM phenanthrene (ndng do cudi cung) lam chat chuan ngi) 1a du cho viéc dinh
lugng sinh khoi nam. Sinh khdi nim cé thé cung cap nhung thong tin gia tri cho cac nghién ctru cdng ngh¢ sinh
hoc ciing nhu nghién ctru sinh thai khi dugc két hop véi cac thong sé khac.

Tir khoa: Pinh lugng sinh khéi nam, ergosterol, kiém soét va téi wu héa qua trinh, k§ thuat uéc lugng gian tiép,
Ién men & trang thai ran

DAT VAN BE

Qua trinh 1&n men & trang thai ré&n st dung ndm co6 thé chuyén ddi truc tiép chét thai tir nong nghiép va lam
nghiép thanh céc hda chat hiru ich, chat hoat déng bé mat sinh hoc, vat liéu comp03|te va nang lwgng sinh hoc
trong khudn khd (ng dung tinh ché sinh hoc hodc don glan duwoc st dung dé san xuat ndm (Duong, 2024) Mac
du qua trinh nay mang lai nhivtng loi ich I&n nhwng né van dat ra nhivng thach thirc dang ké vé mat giam sat va
kiém soét qua trinh (Mondala, 2015; Steudler and Bley, 2015a). M6t thach thirc 1o trong cac qua trinh 1én men &
trang thai ran co lién quan dén sy phat trién/ion Ién khong dong nhét cda vi sinh vat trén chét nén ran, dan dén
nhirng kho khan dang ké trong viéc kiém soét va toi wu héa qua trinh (Mondala 2015; Raimbault, 1998; Steudler
and Bley, 2015a). Mdt thach thirc khéc la do sy gia téng nhiét d6 cuc b, gay pha hdy cac san phadm nhay cdm
v&i nhiét nhw enzyme do bién tinh nhiét (Altwasser et al., 2017; Muller dos Santos et al., 2004). Do do, nhirng
thach thiee doi héi phai phat trién céc chién luoc kiém soat phu hop, ly twéng nhét la_chi dua trén mét hoac mét
vai tham sé, cho phép mé ta day du dac tinh cla quy trinh tong, thé trong thoi gian ngan hcvp ly (Ralmbault 1998;
Steudler and Bley, 2015a). Hon niva, dwa trén dic tinh da biét cta quy trinh tdng thé, co6 thé dwa ra céc bién
phéap thich hop lién quan dén thiét ké 16 phan (ng va cac théng sb van hanh (Altwasser et al., 2017).

M6t tr& ngai khéac la do n&m lién két chat ché voi chat nen va soi ndm xam nhap vao vat liéu ran khién cho viéc
xac dinh tryc tlep trong lweng kho cda sinh khdi nAm gan nhuw khéng thé (Mltchell et al., 2004). Vi viéc st dung
ky thuat tryc tiép 1a khong thue t& nén viéc st dung ky thuat wéc lwong gian tiép 1a lwa chon thay thé duy nhét.
Nhleu ky thuat woce tinh gian tlep day hira hen da cé san, vi du nhw dwa trén dinh lwong cac thanh phan déc hiéu
té bao duwoc tim thay trong nadm (ergosterol, glucosamine, chitin, axit nucleic, proteln bao tr) (Steudler and Bley,
2015b). Trong sb céac ky thuat nay, ergosterol da dwoc chirng minh 1& mét chi s6 phu hop va nhay cdm dé dinh
lwgng sinh khdi ciia ndm soi, dac biét 1a nam ba5|d|omycetes (Steudler and Bley, 2015a). Ergosterol la sterol cé
nhiéu nhat trong mang sinh chét cta sgi ndm va cé thé chiém tr 0,7 dén 1% chét khé cta ndm (Steudler and
Bley, 2015a) Ergosterol khong dwoc tim thay trong thuc vat, dong vat hodc sinh vat khac va chi dwoc tim thay
véi lwong tdi thidu & mot sbé vi khuan, dong vat nguyén sinh, vi khuén lam va céac vi tdo khac (Steudler and Bley,
2015a). Qua trinh phén tich ergosterol dwoc thwc hién jtheo ba budc: (I) thay phan va xa phong héa mau dé giai
phéng ergosterol khdi mang huyét twong, () chiét xuat ergosterol va (lll) dinh Iwong erqosterol (Steudler and
Bley, 2015a) Mac du ergosterol da duwoc chirng minh la mét chi s6 phu hop va nhay cdm dé dinh Iuong sinh khéi
cla nam sgi, cac thong s0 trong qua trinh phan tich, dac biét la bwdc chiét xuét ergosterol, van can dwoc nghién
ctu va kiém nghiém dé dam bao tinh chinh xac ctia phwong phap.
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Trong nghién ctru ndy, ching toi kiém nghiém cac thong sb can thiét trong qua trinh chiét xuét ergosterol cho viéc
dinh Iwgng sinh khoi nam trong qua trinh 1én men & trang thai ran s dung nam Stachybotrys chlorohalonata
(ascomycete). Cac théng sd khao sat bao gébm thé tich toluene can cho viéc chiét xuét va sb Ian chiét. S.
chlorohalonata 1& mét loai nAm méc phé bién trong méi trwdng véi kha nang san sinh ra cac enzyme phan hay
cellulose, trwec day da dwgc chirng minh la lam glam ham lwgng lignin trong rom lda mi & mot méc d6 nao do
bét chap cac hoat dong khong thé phat hién dwoc clia cac enzyme blen déi lignin ngoal bao dlen hinh (Duong, 2024).
Loai nam nay la loai phat trien nhanh va lién quan dén céc toa nha &m wot, thich cac chat nén giau cellulose (vi
du: gidy dan twong hodc van dam), va thugc nhém nadm méc den c6 kha nang sinh doc t6 (Duong, 2024). Ngoai
ra, tién xr ly rom IGa mi hiéu qua béng Stachybotrys sp. da dwoc quan sat (Singh et al., 2014).

VAT LIEU VA PHUONG PHAP

vat liéu

Tét ca cac hoa chat déu thudc loai diing cho phan tich (cap gradient trong trwong hop dung moi séc ky). Tét ca
cac hoa chat dwgc mua tir Merck, Sigma-Aldrich va Th. Geyer GmbH (Renningen, Brc).

Nudi cady ndm trén rom lia mi

Stachybotrys chlorohalonata A-2008-2 (DSM 27588) |a loai nAm dwoc ding cho nghién ctu, thu dwoc tir bo swu
tap cia Khoa Sinh théi Vi sinh vat ng dung tai Trung tdm Nghién ctu Méi trudng Helmholtz - UFZ (Leipzig,
Burc). Chiing ndm nay ciing cé san tai B6 swu tap Vi sinh vat va Nubi cdy Té bao Birc (DSMZ; Braunschweig,
Durc). Chang ndm dwoc duy tri trén dia thach chiét xuat mach nha 2% (w/v) (thach 1,5%; pH 5,7) & 28°C trong
bong téi. Nudi cdy ndm trén rom lGa mi da dwoc md ta chi tiét trong luan an cha Duong (2024). Tém lai, thi
nghiém dwoc thwc hién trong lo polypropylene. Céc lo dwgc trang bi ndp van mang théng hoi (mang PTFE cé
dwong kinh 25 mm va dé x6p 0,2 ym, Whatman/GE Healthcare, Birc). Dé ciy ndm, cac phan thach (dwoc lay tw
cac canh clia cum ndm moc trén dia thach mach nha) dwoc ddng nhat hoa trong méi trwdng chiét xudt mach nha 2%
(m6t phan thach trén 1 mL méi trwéng chiét xuat mach nha) véi sw tro gitp cta Ultra-Turrax (Staufen, Birc). Sau
do, 0,5 mL huyén phu ndm thu dwoc dwoc st dung dé cly vao 0,5 g rom IGa mi d& dwoc cat nhé va hap khi
trung. Rom lta mi (8 dwoc cat nhd) khéng dwoc xir ly bang bat clr phwong phap nao dwoc dung lam dbi chirng.
Tt c& cac mau dwoc thuc hién ba lan va i & 28 °C trong 14 ngay. Mau sau khi 0 da dwoc lwu triv & -20 °C, sau
dé dwoc lam sach bang 0,1 M Mcllvaine buffer (pH 7,0). Phan chét ran sau d6 dwoc lam khd & tai 50 °C trong 48 gio.

Xac dinh sinh khéi ndm dwa trén ham lwong ergosterol

Phan chat ran sau khi dwoc lam kho & trén dwoc dong nhat bang may nghién bi (Pulverisiette 23; Fritsch, Idar-
Oberstein, Dtrc) & toc d6 50 oscillations moi gidy trong 5 phut va dwgc bao quan & nhigt dd phong trong dieu kién
kho réo trong bong téi cho dén khi phan tich sau hon vé ham lwgng ergosterol (d4u &n sinh hoc dé xac dinh sinh
khéi ndm).

Dé xac dinh ham lwong ergosterol ctia nAm, cac mau ddng nhét ran (100 mg) dwoc trén véi 1 mL nwéc khiy ion
(Q-Gard 2, Millipore, Schwalbach, Btrc), 0,5 g KOH, 5 mL methanol, va 1,25 mL ethanol trong éng ly tam 50-mL
(VWR International, Darmstadt, Birc). Sau d6, cac éng nay dwoc G trong diéu kién lac nhe lién tuc trong bé nwéc
& nhiét do 70 C trong 30 phut. Sau khi lam ngudi va I&ng chét rdn, 4 mL chét ndi phia trén dwoc chuyén twong
&ng vao 6ng ly tam 15 mL (VWR International). Cac 6ng 15 mL dwoc bd sung toluene (a6 tinh khiét cap
HPLC/UPLC), c6 chira thém 125 uM phenanthrene (ndng dd cubi cung) lam chéat chuén noéi dé cho phép hiéu
chinh di¥ liéu v& sw bay hoi dung méi. Qua trinh chiét ergosterol dwoc thwe hién trong diéu kién lac & téc dd 150
nhip/pht trong 1 gi®, st dung may I&c ngang GFL 3018 (Burgwedel, Birc). Sau khi l&c, cac dng dwoc dé yén
cho dén khi dat dwoc sy tach pha dd. Sau d8, pha trén (toluene) dwoc chuyén vao lo UPLC va dwoc bao quan &
-20 °C cho dén khi thyc hién phan tich séc ky 1dng siéu hiéu nang (UPLC) bang hé théng UPLC. Hai trwdng hop
thi nghiém sau day da dwoc kiém nghiém:

- Trwdng hop 1: Trich xuét 1an mot véi 1 mL toluene, sau d6 trich xuat thém I1&n hai véi 1 mL toluene.
- Trwdng hop 2: Trich xuét 1an mot véi 2 mL toluene, sau d6 trich xuat thém I1&n hai véi 1 mL toluene.

Dé& phan tich UPLC vé ergosterol, cac mau (3,3 pL) dwoc dwa vao hé thdng Acquity™ UPLC dwoc trang bj cot
Acquity™ UPLC BEH C18 (c®& hat 1,7 ym; 2,1 x 50 mm; Waters, Eschborn, Birc) (nhiét dd cét 40 °C). Dung dich
riva gidi A bao gdm 10% (viv) methanol (loai gradient; Roth, Dtrc) trong nuwéc kher ion (Q-Gard 2) va dung dich
riva gidi B 1a methanol. C4u hinh rra gidi sau day da dugc ap dung: rira gidi dang cap & 30% B trong 0,14 phut,
tang tuyén tinh 1én 99,9% B cho dén 2,6 phut réea glal déng cap & 99,9% B cho dén 3,3 phut, gidm tuyén tinh
xuéng 30% B cho dén 3,35 pht va rira gidi ddng cap & mac 30% B cho dén 4 phut (tbc do dong 0,5 mL/phut).
Budc song phat hién dwoc dat tai 278 nm. Viéc hiéu chuadn phwong phap dwoc thwe hién bing cach st dung
external ergosterol (thdi gian lwu khodng 3,59 pht) va chat chuan phenanthrene (thdi gian lwu khoang 2,67 phut).

Sinh khéi kho ctia ndm duoc tinh toan dwa trén gia tri dwoc bao cdo & 5,4 mg ergosterol trén g sinh khéi khé ctia
nam (Klamer, Baath, 2004).
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Phan tich théng ké

Céc ngoai 1& (outlier) trong sb cac bo dir liéu ba lan dwoc xac dinh bang cach s dung thtr nghiém Dean-Dixon. Bai
kiém tra f-tests va Student’s t-tests hai mau (hai mat) khong ghép déi dwoc thwc hién bang Microsoft® Excel® 2013
(phién ban 15.0.5327.1000).

KET QUA VA THAO LUAN

Hinh 1 va Bang 1 trinh bay sinh khéi ndm (mg) dugc tinh todn dya trén ergosterol va duoc trich xudt tr 100 mg
trong Iuo’ng kho ctia rom thé (khong duwoc x&r Iy bang bét cir phuong phap nao) hoac rom duwoc hap khir trang
va dwoc 0 véi S. chlorohalonata cho hai trwdng hop dwoc kiém nghiém. Két qua thi nghlem cho thay rang lwong
sinh khéi ndm trich xuét t 1an hai luén thp hon so vé&i lwong sinh khdi dwoc chiét xuat & 1an mét, va sinh khoi
n&m clia rom dwoc G véi S. chlorohalonata luén cao hon so vé&i rom thé.

Trwong hop 1 Trwong hop 2
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Rom thé Rom duoc hap khir tring Rom tho Rom dugc hap khir tring
va dwoc U voi va dwoc U voi
Stachybotrys Stachybotrys
chlorohalonata chlorohalonata
OTrich xut 1an 1 v&i 1 mL toluene OTrich xuét Ian 1 v&i 2 mL toluene
BTrich xuat 1&n 2 v&i 1 mL toluene BTrich xuat 14n 2 v&i 1 mL toluene

Hinh 1. Sinh khéi ndm (mg) dwoc tinh toan dwa trén ergosterol cho hai trwéng hop thi nghiém

Bang 1. Sinh khéi ndm (mg) dwerc tinh toan dwa trén ergosterol cho hai trwng hep thi nghiém

Rom dwoc hap khir tring va dwoc G véi

Rom thd S. chlorohalonata
Trich xuét 13n mot vai 1 mL toluene 1,9+ 0,04 11,0 +1,43
Trwong hop 1 o
Trich xuat lan hai v&i 1 mL toluene 0,5+0,02 3,5+0,33
Trich xuét 1an mét véi 2 mL toluene 1,8+0,25 10,4 +1,15
Trwdng hop 2 s
Trich xuat lan hai véi 1 mL toluene 0,2+0,01 1,5+ 0,06

Két qua f-tests (Bang 2) cho thay Student’s t-tests v&i phwong sai bang nhau nén duoc ap dung (P > 0,05). Két
qué Student’s t-tests hai mau (hai mat) khéng ghép déi (Bang 3) cho thay khoéng cé sw khac biét dang ké giﬂ’a
viéc trich xuat lan mét véi 1 mL toluene (trwong hcrp 1) hay 2 mL toluene (trucrng hop 2) (P > 0,05). Tuy nhién, &
1&n trich xuét the hai, sinh kh0| n&m thu dwoc da cé sw khac biét dang ke gira hai trwong hop (P < 0,05). Ngoai
ra, trwong hop 1 cho thay rang lwong sinh khéi thu dwoc & Ian trich xuét thi hai khoang tlr 27,4 dén 32,1% so
v&i 1an trich dau tién, trong khi do6 luvgng sinh khéi & 1an trich xuét thir hai clia trwong hop 2 chi dao déng tir 10,0
dén 14,1% so voi lan dau (Bang 4). K&t qua nay cho thay réng chi véi mot Ian trich xuét v&i 2 mL toluene (truong
hop 2), hdu hét lwong ergosterol cé thé dwoc thu thap. Do do, cac thong sb cla trwdng hop 2 dwoc dé xuét st
dung cho nghién ctru trong twong lai.

Phwong phap xac dinh ham lwgng ergosterol da dwgc chirng minh la rat chinh xac va c6 thé 14p lai nhwng ciing
rat ton thoi gian va cong strc (Matcham et al., 1985; Steudler and Bley, 2015a) Steudler and Bley (2015b) da so
sanh cac phwong phap khac nhau trong qua trlnh lén men & trang thai ran clia Trametes hirsute (basidiomycete)
de tim ra phuwong phap pht hgp va chinh xac dé dinh lwgng sinh khdi ndm. Cac phép do ham luwgng ergosterol,
sb lwong hat nhan, va hd hap cho thdy wéc tinh sinh khéi dang tin cay nhét (Steudler and Bley, 2015b). Trong

583



CONG NGHE VI SINH, THUC PHAM VA MOl TRUONG

nghién ctru nay, ching toi kiém nghiém cac thong sé can thiét trong qua trinh chiét xuét ergosterol cho viéc dinh
lwong ergosterol trong qué trinh 1én men & trang théai ran s dung nam S. chlorohalonata (ascomycete). Két qua
nghién ctru cho thay rang 100 mg mau ran (khd) dwoc chiét xuat véi 2 mL toluene 1a di cho viéc dinh lwong sinh
khdi ndm. Két qua clia nghién clru nay ciing hé tro cho cac phat hién truéc day dwoc trinh bay béi Reeslev va
ddng tac gia (Reeslev et al., 2003).

Ké&t qua cla nghién ctvu sé gop phan vao nhirng nghién ctru trong twong lai, khi két hop véi cac chi sé khac (nhw
la div liéu do nhiét lweng sinh hoc). Sinh khéi nAm da dwoc chirng minh cé sy twong quan chat ché véi div liéu
do nhiét lwong sinh hoc, va chi s6 Yo (nhiét trao déi chat dwoc giai phéng trén mdi don vi sinh khéi ndm) c6 thé
dwoc dung dé dinh lweng sinh khéi ndm cho cac qua trinh 1én men & trang thai rén cho don loai (Duong, 2024).
Xa hon nira, chi sb Yox c6 thé dwoc ding cho cac nghién cu sinh thai nAm va cho cac muc dich céng nghé
sinh hoc (Duong, 2024).

Bang 2. Két qua kiém tra f-tests dworc thwe hién bang Microsoft® Excel® 2013 khi so sanh két qua
cha trwong hop 1 va trwong hop 2

Rom thé Rom dwoc hap khir tring va dwoc t véi S. chlorohalonata
Trich xuét 1an mot 0,06 0,78
Trich xuét 14n hai 0,64 0,06

Bang 3. Két qua kiém tra Student’s t-tests hai r'r)éu (hai mat) khéng ghép doi dwec thuc hién bang Microsoft® Excel® 2013
khi so sanh két qua cta trwwong hop 1 va trwong hop 2

Rom tho Rom dwoc hap khir tring va dwoc G véi S. chlorohalonata
Trich xuét 1an mot 0,44 0,64
Trich xuét 14n hai 0,00001 0,00044

Bang 4. Phan tram trich xuat cda |an trich tht hai so v&i 1an trich dau tién. Dir liéu tinh toan
dworc |ay tir Bang 1. Bo léch chuan dwoc tinh toan dwa trén quy tac lan truyén 16i Gaussian

Rom tho Rom dwoc hap khiv triing va dwoc G véi S. chlorohalonata
Trwong hop 1 27,4+1,10 32,1+5,15
Trwong hop 2 10,0 1,53 14,1 + 1,64

KET LUAN

Trong nghién ctru nay, chung t6i da kidm nghiém céac théng sb clia qua trinh chiét ergosterol, bao gdm sé 1an
chiét va thé tich toluene can cho qua trinh chiét, tlr d6 co6 thé dinh lwong sinh khdi ndm trong cac qua trinh Ién
men & trang thai rdn s& dung ndm. Dua trén cac két qua kiém nghiém, ching t6i dwa ra két luan rang 100 mg
mau ran (khd) dwoc chiét xuat véi 2 mL toluene (cé chiva thém 125 uM phenanthrene (néng dd cubi cling) 1am
chét chuan néi) la da cho viéc dinh lvong sinh khéi nAm. Két qua cia nghién ciu s& gép phan vao nhirng nghién
clru trong twong lai va sinh khéi ndm c6 thé cung cp nhivng thdng tin gia tri cho cac nghién clru céng nghé sinh
hoc ciing nhw nghién ctru sinh thai khi dwoc két hop véi cac thong sé khac.
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trinh d@¢ tién si cho cdc truong dai hoe, cao ding giai dogn 2010-2020 (Pé &n 911) cia Chinh phu Viét Nam cho hoc béng
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SUMMARY

A major challenge in solid-state fermentation processes is related to the inhomogeneous microbial growth on
solid substrates, leading to significant difficulties in process control and optimization. Another obstacle is that
because fungi bind tightly to the substrate and mycelia penetrate into the solid material, they cannot be weighed
independently of the residual substrate, making it almost impossible to determine directly the dry weight of
fungal biomass. Since the use of a direct techniques is impractical, the use of an indirect estimation technique is
the only alternative. Among the indirect estimation techniques, ergosterol has been shown to be a suitable and
sensitive indicator for quantifying the biomass of filamentous fungi. Ergosterol analysis is performed in three
steps: (1) hydrolysis and saponification of the sample to release ergosterol from the plasma membrane, (1)
ergosterol extraction, and (I11) ergosterol quantification. In this study, we test the necessary parameters in the
ergosterol extraction step for the quantification of fungal biomass in solid-state fermentation using the
ascomycete Stachybotrys chlorohalonata. The parameters include the volume of toluene needed for extraction
and the number of extraction times. The results of the study show that 100 mg of solid (dry) sample extracted
with 2 mL of toluene (containing an addition of 125 uM phenanthrene (final concentration) as internal standard)
is sufficient for the quantification of fungal biomass. Fungal biomass may provide valuable information for
biotechnological research as well as ecological research when combined with other parameters.

Keywords: Ergosterol, indirect estimation techniques, process control and optimization, quantification of fungal
biomass, solid-state fermentation.
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