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PLZEAFTEATIXR OFEI & ) LT, FT 2 /  X O AIZ K-> T VHH ik otk s+ 55
OPFEHED TN D, ZDT=DIC, X ZEEMEFTIEA Lz VHH 5L 7 2 N EEFET L7290
i 2 BA%E Uiz, BAGKE BRIZRVETHLT 2 VB2 HURITEAT 2812, UAG 2 RUMFHRT 2/ BICH
EF ST B-95.delA HREFIHT 5, ZORBEKITEP CHAICBEHEESNZbDOTHY | fEkITHx v
IR FHIT 2 D FTA BICRIRRCEHL T X/ IR A M ATe 2 L IZINEE T & - 72203, B-95.delA HRHSBH I
SNz T, i B ET CHRIRFICHIAT, Z E B AREIC /e > TV D, LavL, FEH E. VHH Hifk
EREAFET DI ENMEIT 0T, EEMEFTCHET I /8 X Z/23A 72 VHH 57 10mg/L
DR THEETEDLZ LMD BIEE Lo, TROSEHRFRNL. 20 100 570 1 OILE LHFEBT
TV o T, 10mg/L F TIEN M ETE S X9 THIULX, BRORITHB W TAER O EFER R L
D INTDOIERICE > T g/l DINEE THETE D RIARLTH D,

EMAMEFTZ 4 70T E LT=F 5L VHH HifE R 7 0 MZOWTHRZIIC 10~20mg/L DI E 2 FEH 45
TR Lis, R LESIRO 5o TH D,

1) AFERA FE T 5 B-95.delA BROE: IR E O b,

2) XEEANTDHLDT I )T VIV tRNA AEkEERERIR (aaRS) OIEMEDKE,

3) UAG = FUZi8ik+ 5 tRNA O R,

4) Zn b aaRS & UAG-tRNA O3B L~ Lofh) F

5) VHH #iiikZRHSE L7 ¥ — L aaRStRNA BHHX7 # — i) 72l Aa At

MMz T, UAGtRNA OETiX, BOFEMDO U 7 =R Mo T, T TIKETRFHME SIL TV A
$d UAGHRNA L 872D b OEFTICHET 52 L 2RBTHII LTI, 2D & T, Bo#E CDMO
FELTOBIIIT A B AR OFANRERETE 5 RIAZTH D,

ZCTRgE N, HHT S iR X 28R E < VHH FUKICEAT AN EEA LT, UF0 X 574
REPEOLNTND, £T, X ZMAIAATS VHH Hilk %2 Z5/ER L, UROWRUGEICHRR H D = &
Zos Lz, X2k 5 VHH buikth BHEAFIC OV TIE 27 4E£12 POC  (Proof of Concept) #1T-72& 2 A
Toh DM, 28 TN HREIC LT — 2 OWEEAHED 7, #% VHH HUKIZ DN T Z O OF
SIMEDVREN T, 29 FEEICRFEFHIEZAT O TETH D, SHICHRKFETIE X &4 VHH Sk Y 7
v N DRI A FEHE L. BT A — R TSN THRIRECE D A 1 = X LRH ST > T X
7o ZORSRIE. RO 2 BT &5 BL RIS BRIV E A2 5 ATV D, BF it
HTWNHaALEa—H - vIal—a ORAENDIE, X HAIL L HMEREGES RO A FTREIZ 72
0. RETHT L8 E LTIEMTE D AREEASHTE TV D,

240 VHH Hifk a2 27 V—=2 7L, HHT I /8 X OEANZ L > THERBGR ST T 0 b
FEUFT D10 OEANBARE A, OFE LHEF TN TN TRbhiz, BROFTIE, NA AL—T > b -
AJ N == T DYV AT L&D BIFC, 14 HT40 FIELL EORY 70 MZOWTHIEE M, TR
Mg e, MEZER COBEBROER ZHET L2 0DV AT LAEBE L, BFCIZ, T4 A7
A Bz S LT 250 VHH 5UE AN Y 7 0 RO N BIREICHEE O BV Y 7 2 R &K VAT 72O
BARBHRE SR 2 BT b,
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RIKEN and Ajinomoto Co., Inc. are working together to develop a technology for improving VHH
antibodies by incorporating synthetic amino acid X into the molecules. We have developed a
cell-based system for producing VHH antibodies with X at multiple defined sites. This system
involves Z. coli B-95.delA strain, which was engineered in RIKEN and has the UAG codon assignable
to X. Before this strain, it was difficult to incorporate synthetic amino acids, not included in the
natural genetic code, into a protein molecule at multiple sites. Although B-95.delA can theoretically
be used for incorporate such amino acids at as many sites as desired, we thought that a yield of 10
mg/L should be achieved for any VHH variant containing the amino acid X at a few sites, because
practical applications would require the large-scale production of the antibodies. We successfully
increased the initial yield of X-containing VHH antibodies by 100-fold, by optimizing the parameters
described below. With the 10mg/L target being achieved, Ajinomoto researchers will further increase
the yield up to a few grams per liter, by applying their know-how, such as incubating host cells at a
super high-density.

Thus, we succeeded to reach a 10-20mg/L target for a model VHH variant containing four Xs at
different sites. The following 5 parameters have been optimized.

1) Temperature for growing the host B-95.delA cells

2) Activity of the aminoacyl-tRNA synthetase (aaRS) for incorporating X

3) Activity of tRNA recognizing the UAG codon

4) Expression levels of these aaRS and tRNA molecules

5) Matching between the plasmid vectors used for expressing VHH antibodies and the

aaRS-tRNA pair

In addition, we attempted to fill the request of Ajinomoto, which did not want to use tRNA
developed and patented elsewhere, and succeeded in it by engineering another UAG-reading tRNA.
This achievement will allow the company to avoid paying for the patented tRNA for their business.

By applying the developed efficient system for synthesizing VHH antibodies with X, we got the
following results. Firstly, we showed the utility of X in improving the properties of VHH antibodies,
by synthesizing and analyzing a large number of VHH variants with X. As we already got POC (Proof
of Concept) for this technology in the previous fiscal year, we obtained data to show its applicability
to various VHH antibodies this FY, and are going to apply for a patent in a few months. Secondly, the
colleague with the University of Tokyo conducted detailed analyses of X-containing VHH variants
and discovered a thermodynamic basis for the favorable effect of X, which is very interesting from a
scholarly viewpoint. Thirdly, computer simulation studies conducted in RIKEN is enabling the
prediction of the effects of X incorporation into VHH antibodies.

RIKEN and Ajinomoto made separate efforts to develop methods for rapidly screening for
improved VHH antibodies with X. The company has installed a high-throughput screening system to
evaluate more than forty VHH variants in a month about a number of different qualities, including
the affinity for antigen, and structural stability and polymorphism. The institute is now applying a
display technique for rapidly narrowing down a list of improved variants, with some promising

results.
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